Stand growth and management scenarios for Paraserianthes falcataria smallholder plantations in Indonesia by Varis, Eveliina
       Stand growth and management scenarios for Paraserianthes falcataria smallholder plantations in Indonesia            Thesis Submitted for a M. Sc. Degree in Forest Ecology  University of Helsinki Department of Forest Sciences Viikki Tropical Resources Institute (VITRI) May 2011   Eveliina Varis 
 HELSINGIN YLIOPISTO ? HELSINGFORS UNIVERSITET ? UNIVERSITY OF HELSINKI 
 
Tiedekunta/Osasto ? Fakultet/Sektion ? Faculty 
 
Faculty of Agriculture and Forestry 
Laitos ? Institution ? Department 
Department of Forest Sciences, Viikki Tropical 
Resources Institute (VITRI) 
 
Tekijä ? Författare ? Author 
Eveliina Varis 
Työn nimi ? Arbetets titel ? Title 
Stand growth and management scenarios for Paraserianthes falcataria smallholder plantations 
in Indonesia 
Oppiaine ?Läroämne ? Subject 
Forest Ecology/ Tropical Silviculture 
Työn laji ? Arbetets art ? Level 
Master’s Thesis 
Aika ? Datum ? Month and year 
May 2011 
Sivumäärä ? Sidoantal ? Number of pages 
102 
Tiivistelmä ? Referat ? Abstract 
Paraserianthes falcataria is  a  very  fast  growing,  light  wood  tree  species,  that  has  recently  
gained wide interest in Indonesia for industrial wood processing. At the moment the P. 
falcataria plantations managed by smallholders are lacking predefined management 
programmes for commercial wood production. The general objective of this study was to model 
the growth and yield of Paraserianthes falcataria stands managed by smallholders in Ciamis, 
West Java, Indonesia and to develop management scenarios for different production objectives. 
 
In total 106 circular sample plots with over 2300 P. falcataria trees were assessed on 
smallholder plantation inventory. In addition, information on market prices of P. falcataria 
wood was collected through rapid appraisals among industries. A tree growth model based on 
Chapman-Richards function was developed on three different site qualities and the stand 
management scenarios were developed under three management objectives: (1) low initial 
stand density with low intensity stand management, (2) high initial stand density with medium 
intensity of intervention, (3) high initial stand density and strong intensity of silvicultural 
interventions, repeated more than once. 
 
In general, the 9 recommended scenarios have rotation ages varying from 4 to 12 years, 
planting  densities  from  4x4  meters  (625  trees  ha-1) to 3x2 meters (1666 trees ha-1) and 
thinnings at intensities of removing 30 to 60 % of the standing trees. The highest annual income 
would be generated on high-quality with a scenario with initial planting density 3x2 m (1666 
trees ha-1) one thinning at intensity of removing 55 % of the standing trees at the age of 2 years 
and clear cut at the age of 4 years. 
Avainsanat ? Nyckelord ? Keywords 
Indonesia, Paraserianthes falcataria, smallholder, Chapman-Richards, stand growth model, 
management scenario 
Säilytyspaikka ? Förvaringsställe ? Where deposited 
Viikki Science Library 
Muita tietoja ? Övriga uppgifter ? Further information 
 
 HELSINGIN YLIOPISTO ? HELSINGFORS UNIVERSITET ? UNIVERSITY OF HELSINKI 
 
Tiedekunta/Osasto ? Fakultet/Sektion ? Faculty 
 
Maa- ja metsätaloustieteellinen 
Laitos ? Institution ? Department 
Metsätieteiden laitos, Viikki Tropical Resources 
Institute (VITRI) 
 
Tekijä ? Författare ? Author 
Eveliina Varis 
Työn nimi ? Arbetets titel ? Title 
Stand growth and management scenarios for Paraserianthes falcataria smallholder plantations 
in Indonesia 
Oppiaine ?Läroämne ? Subject 
Metsäekologia/Trooppinen metsänhoito 
Työn laji ? Arbetets art ? Level 
Maisterin tutkielma 
Aika ? Datum ? Month and year 
Toukokuu 2011 
Sivumäärä ? Sidoantal ? Number of pages 
102 
Tiivistelmä ? Referat ? Abstract 
Paraserianthes falcataria on erittäin nopeakasvuinen puulaji, joka on lähiaikoina herättänyt 
laajaa kiinnostusta puutuoteteollisuuden parissa Indonesiassa. Tällä hetkellä puuta tuottavat 
pienviljelijät eivät kuitenkaan hoida metsiään järjestelmällisesti teollisuuden tarpeet 
huomioiden. Näin ollen onkin tarpeen selvittää näille plantaaseille soveltuvien 
metsänhoidollisten toimenpiteiden sopiva ajoitus ja voimakkuudet. Tutkimuksen yleisenä 
tavoitteena oli kehittää kasvu- ja tuotosmalli pienviljelijöiden P. falcataria puulajin metsiköille 
Länsi-Javalle, Indonesiaan.  
 
Tutkimusta varten mitattiin kaikkiaan 106 ympyräkoealaa, joilla oli yhteensä yli 2300 P. 
falcataria puuta. Puustotunnusten mittaamisen lisäksi paikallisen teollisuuden parissa 
suoritetuilla haastatteluilla kerättiin tietoa falcataria puun markkinahinnoista. Kasvumalli 
laadittiin Chapman-Richards:in kasvufunktion perusteella kolmelle eri kasvupaikalle ja 
harvennusohjelmat laadittiin kolmelle eri tuotantotavoitteelle: (1) matala puuston alkutiheys ja  
harvennus (jos lainkaan), (2) tiheä puuston alkutiheys, yksi harvennus ja (3) tiheä puuston 
alkutiheys, useammin kuin kerran toteutettava harvennus.  
 
Luoduissa 9 suosituksessa kiertoaika oli 4 ja 12 vuoden välillä, metsikön istutustiheys välillä 4x4 
metriä (625 puuta ha-1) ja 3x2 metriä (1666 puuta ha-1) ja jos harvennuksia toteutettiin ne 
toteutettin poistamalla 30% - 60 % puustosta. Korkein vuosituotto saavutetaan parhaan 
kasvupaikan harvennus-ohjelmassa, jossa puuston alkutiheys on 3x2 m (1666 puuta ha-1), 
suoritetaan yksi harvennus poistamalla 55 % puista kahden vuoden iässä ja avohakataan 4 
vuoden iässä.  
Avainsanat ? Nyckelord ? Keywords 
Indonesia, Paraserianthes falcataria, pienviljelijä, Chapman-Richards-yhtälö, kasvumalli, 
tuotosmalli, metsänhoito, harvennus  
Säilytyspaikka ? Förvaringsställe ? Where deposited 
Viikin tiedekirjasto 
Muita tietoja ? Övriga uppgifter ? Further information 
 
   
 Acknowledgements 
 
I am grateful to my supervisor, Professor Markku Kanninen at Viikki Tropical 
Resources Institute (VITRI), University of Helsinki, who made this study possible in 
the first place by offering me the opportunity to join his research project in Center 
for  International  Forestry  Research  (CIFOR)  in  Indonesia.  I  thank  you  for  your  
constant support, essential advice and motivating discussions that kept me going. I 
am also indebted to all those people at CIFOR who helped me during my short stay 
in Indonesia and made me feel at home. I would especially like to express my 
gratitude to Dr. Haruni Krisnawati for her continuous guidance and solicitude during 
the study preparation, data collection and preliminary data analysis and Mr. Asep 
Wahyu Suherman for the outstanding support during the field work - your 
tenacious, optimistic and encouraging attitude helped me greatly in the adaptation 
to the Indonesian way of living! Additionally, I would like to thank the various local 
state  forest  officers,  village  chiefs  and  the  farmers  that  helped  me  with  the  data  
collection and treated me with great hospitality during my stay in Ciamis.  
 
I am also grateful for the funding from Metsänhoitajaliitto ry, University of Helsinki, 
Faculty of Agriculture and Forestry and Artturi Jämsén Fund for providing me with a 
support for travelling to Indonesia. Additionally, I  want to thank the peer group of 
Graduklinikka for sharing the “making of” -process with me. Without you it would 
have not been as fun! Finally, I would like to express my kindest thanks to my 
dearest ones for being a constant source of happiness throughout my studies. 
 
Helsinki, May 2011 
Eveliina Varis 
  
 Contents 
 
1. INTRODUCTION ............................................................................................................. 1 
1.1. Background ................................................................................................................... 1 
1.2. Research objectives ....................................................................................................... 2 
 
2. LITERATURE REVIEW AND THEORETICAL FRAMEWORK ................................................ 3 
2.1. Forestry in Indonesia ..................................................................................................... 3 
2.2. Paraserianthes falcataria .............................................................................................. 6 
2.2.1. Distribution ................................................................................................................. 6 
2.2.2. Description and ecology .............................................................................................. 7 
2.2.3. Wood properties and utilization ................................................................................ 10 
2.2.4. Pests and diseases ..................................................................................................... 12 
2.2.5. Plantation establishment and maintenance .............................................................. 14 
2.2.6. Growth and productivity ........................................................................................... 16 
2.3. Forest stand dynamics ................................................................................................. 18 
2.3.1. Tree growth .............................................................................................................. 18 
2.3.2. Density management ................................................................................................ 19 
2.4. Stand growth and yield modeling................................................................................ 21 
2.4.1. Defining a growth model ........................................................................................... 21 
2.4.2. Site classification ....................................................................................................... 22 
2.4.3. Modeling the competition ......................................................................................... 25 
 
3. MATERIAL AND METHODS .......................................................................................... 27 
3.1. Study area ................................................................................................................... 27 
3.2. Site and stand selection .............................................................................................. 29 
3.3. Sample plots and collected data.................................................................................. 31 
3.4. Wood prices and management costs .......................................................................... 34 
3.5. Data analysis ............................................................................................................... 37 
3.5.1. Development of site quality estimation models ........................................................ 37 
3.5.2. Development of stand growth models ...................................................................... 41 
3.5.3. Simulation of management scenarios ........................................................................ 44 
 
4. RESULTS ...................................................................................................................... 45 
4.1. General results on farms ............................................................................................. 45 
4.2. The silvicultural status of the smallholder plantations................................................ 46 
 4.3. Site quality estimation models .................................................................................... 53 
4.4. Silvicultural management scenarios for Paraserianthes falcataria ............................. 56 
4.5. Summary of recommendations for management ....................................................... 70 
 
5. DISCUSSION................................................................................................................. 79 
 
6. CONCLUSIONS ............................................................................................................. 85 
 
7. REFERENCES ................................................................................................................ 87 
 
 
  
 List of abbreviations 
 
A age of a tree or stand, years 
APL Albasi Priangan Lestari, wood processing company in Banjar, Indonesia 
asl. above sea level, m 
BA basal area, m2 ha1 
CF competiton factor by Pérez and Kanninen (2005) 
DBH tree diameter at breast height, cm 
H tree height, m 
HTI Hutan Tanaman Industri, industrial plantations managed by 
government of Indonesia 
IDR Indonesian currency, rupiah 
MMP  Makmur Maju Pallet, wood processing company in Tasikmalaya, 
 Indonesia 
N number of trees per hectare, n trees ha-1 
RDI Reineke Density Index, maximum density line 
S1 forest site with high-quality production capacity 
S2 forest site with medium-quality production capacity 
S3 forest site with low-quality production capacity 
 
 
Exchange rate: 1 EUR = 13 226 IDR (September 15, 2009)
 1 
 
1. INTRODUCTION 
1.1. Background  
Paraserianthes falcataria is  a  very  fast  growing,  light  wood  tree  species  native  to  
South  East  Asia  and  especially  Indonesia.  Characteristics,  such  as  ability  to  fix  
nitrogen, fodder production and fast growth have made P. falcataria traditionally 
important multipurpose tree species widely planted in multicropping systems in the 
humid tropics of South-East Asia (Garcia 1989, Soerieanegara and Lemmens 1993). 
As  a  fast-growing  tree  that  can  reach  heights  of  even  45  meters  and  at  the  same  
time maintain clear bole for over 10 meters, the species has also gained wide 
interest in the field of industrial wood processing (Soerieanegara and Lemmens 
1993, Bhat et al. 1998). In addition to this, since the late 1970s P. falcataria has 
been recommended by the government of Indonesia as one of the most favorable 
specie for industrial and rehabilitation planting, both on state owned land and on 
private smallholder plantations. This has resulted P. falcataria being among the 
most widely planted tree species in Indonesia (e.g. Nawir et al. 2007a).  
 
The falcataria wood has gained interest among processing industries both on local 
level as well as on global markets. On local level the relatively cheap falcataria 
wood is processed into consumable products such as pallets and boxes, whereas for 
the international trade the wood is processed into value-added products such 
plywood, finger joint lumber and block board (Nemoto 2002). The international 
demand for the light colored falcataria wood has at times increased to the extent 
which has not been able to be met by the supply from Indonesian processing 
industry (Nemoto 2002, Chrisdianto, R., personal communication, August 4, 2009).   
 
The fast growth of the specie could favor the economic advantages gained through 
the cultivation, but at the moment the plantations managed by smallholders are 
lacking  predefined  management  programmes  (Nemoto  2002,  Nawir  et  al.  2007a,  
Siregar et al. 2007). Thus, the potential of the species for income generation is not 
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fully utilized as the practical information on silvicultural plantation management is 
missing, especially among smallholder farmers. Thus, there is need to clarify timing 
and intensity of plantation management interventions in order to improve the 
silvicultural status of the plantations and to find most profitable management 
scenarios for improved income generation from plantations managed by 
smallholders. 
1.2. Research objectives 
The general objective of this study is to model the growth and yield of 
Paraserianthes falcataria stands and to develop management scenarios for 
different production objectives for smallholder plantations in Indonesia. Specific 
objectives of the study are: 
 
Objective 1: To describe the prevailing silvicultural status of P. falcataria plantations 
in West Java, Indonesia 
 
 
 
Objective 2: To analyse the growth and yield of P. falcataria smallholder plantations 
in West Java, Indonesia 
 
 
Objective 3: To develop management scenarios to support different plantation 
production objectives of  
 
1) low initial stand density with low intensity stand management 
 
2) high initial stand density with medium intensity of intervention 
 
3) high initial stand density, strong intensity of silvicultural 
interventions, repeated more than once 
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2. LITERATURE REVIEW AND THEORETICAL 
FRAMEWORK 
2.1. Forestry in Indonesia 
Indonesia is one of the largest three tropical forest countries as well as among the 
five most species diverse countries. The total forest area according to FAO is 88.4 
million hectares (FAO 2011) when most of  the forest  areas,  74.3 million hectares,  
are managed by the Indonesian Ministry of Forestry (Forest Estate, Kawasan 
Hutan), and the forested area outside the Forest Estate accounts for 2.5 million 
hectares (Ministry of Forestry 2009). The state managed forests represent about 71 
per cent of the total land area of Indonesia, when roughly one-third of this area is of 
primary forests; one-third is degraded areas; and one-third vegetation other than 
forests. The deforestation rate is currently 1.2 million hectares a year when the 
main drivers for deforestation are expansion of plantation crops and pulpwood 
production  (Ministry  of  Forestry  2009).  Estimates  suggest  that  with  current  
deforestation rate all forested land will be lost in the following 50 years (Ekadinata 
2010 as cited in Verchot et al. 2010) or in around 20 years in the non-Forest Estate 
lands and in 100 years in production and conversion forests (Ministry of Forestry 
2009). In the past the deforestation has been even higher, between 1997 and 2000 
the  forested  area  lost  annually  accounted  for  2.8  million  hectares  (Ministry  of  
Forestry 2009).  
 
Since the 1950s various rehabilitation and industrial-planting programmes have 
been implemented by the Government of Indonesia (Nawir et al. 2007a, Obidzinski 
and Dermawan 2010). Large scale timber plantation development began in 1980s 
when the demand for industrial wood fiber expanded and the timber supply from 
natural forests was found limited (Guizol and Aruan 2004 as cited in Obidzinski and 
Dermawan 2010). Even after these attempts for favoring legally produced timber 
the supply of timber from legal sources is still not meeting the high capacity of 
wood processing industry. This supply-demand imbalance is still driving the illegal 
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logging and illegal timber trade in Indonesia, which has been the problem for 
decades (Obidzinski and Dermawan 2010). 
 
More recent plan for accelerating the supply of timber from managed plantations is 
the  strategic  plan  of  Ministry  of  Forestry  for  2006-2025.  Under  this  plan  the  
government is planning to establish 9 million hectares of new timber plantations by 
2016 out of which 5.4 million hectares will be smallholder plantation forests (Hutan 
Tanaman Rakyat) and the remaining 3.6 million hectares will be large scale 
plantations (Hutan Tanaman Industri,  HTI).  In  West  Java  as  much  as  97  %  of  the  
forest  area  is  under  management  of  state  company  Perum  Perhutani  (Obidzinski  
and Dermawan 2010). The smallholder farmers living in Java have only very small 
area available for cultivation due to the high population density; despite this, 
farmers  have  been  interested  in  cultivating  timber  on  their  own  property  as  the  
local timber markets have been growing (Nawir et. al 2007a).   
 
Paraserianthes falcataria has traditionally been among the recommended species in 
the rehabilitation and industrial-planting programmes and it has gained interest 
also among smallholder farmers as the specie has growing markets (Nemoto 2002, 
Nawir et al. 2007a). Since the 1970s the species has been intensively cultivated 
under government reforestation projects and these lands are now often managed 
by individual households under Hutan Rakyat (Farm Forestry). Especially in Java the 
species has gained growing interest in privately managed plantations, when the 
main production area for P. falcataria is considered to be Wonosobo District in East 
Java (Nawir et al. 2007a). The recent planting programs apply silvicultural practices, 
but the implementation of these management guidelines has often been 
unsuccessful on smallholder plantations (Siregar et al. 2007). The locally managed 
plantations often lack long term plantation planning in terms ensuring adequate 
end product quality and quantity. In addition, as the production areas are so small 
the smallholder farmers often have problems in terms of income generation during 
the time between tree planting and felling. Also the access to markets has been 
uncertain for smallholder farmers resulting in fluctuating levels of income, when 
they are also relying on the intermediaries (or timber brokers, middlemen) for 
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harvesting and transporting the wood to buyers. Thus the smallholders have little 
bargaining power over prices (Nawir et al. 2007b).  
 
Nevertheless, small-scale farm forestry has been believed to be more successful 
than large-scale industrial plantation forestry on state land, especially in terms of 
landscape and sosio-economic benefits (Nawir et al. 2007b). The increasing role of 
these smallholder plantations as a means to gain reductions of greenhouse gas 
emissions has also been discussed but in this context also the growth of these 
plantations  need  to  be  improved  by  providing  the  smallholders  with  technical  
support on plantation management (Verchot et al. 2010). 
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2.2. Paraserianthes falcataria 
2.2.1. Distribution 
P. falcataria is widespread tropical lowland to montane species with native 
distribution ranging from Indonesia, Papua New Guinea and Solomon Islands to 
Australia, covering latitudes 10° S to 30° N (Garcia 1989, Soerieanegara and 
Lemmens 1993). In its natural habitat the altitudinal distribution varies from sea 
level up to 1600 meters above sea level (asl.) (Garcia 1989) and sometimes even up 
to 3300 meters asl. (Soerieanegara and Lemmens 1993). In Indonesia, in terms of 
growth performance, the best elevation for the species has been found to be 
around 300 - 500 meters asl. (Prawirohatmodjo 1994) when on lower altitude of 35 
meters asl., on rocky, reef or coral derived soils the species survives but growth has 
been found to be slow (Roshetko et al. 1998). 
 
In the 1989 report by Pandey the total estimated area planted by P. falcataria was 
85  000  hectares  by  the  year  1980,  most  of  which  in  Indonesia  and  Philippines  
(Pandey 1983). In the more recent report of fast-growing plantations from year 
2003,  Cossalter  and  Pye-Smith  mention  the  estimated  total  plantation  area  of  
falcataria to have increased to about 200 000 hectares, the species being one of the 
main production species in high-yielding, short-rotation tree plantations with 
Indonesia, Malaysia and Philippines being the most important countries to cultivate 
the species (Cossalter and Pye-Smith 2003). In Indonesia in the 1990s P. falcataria 
was one of the promoted species for plantation management in the government 
reforestation program (HTI) (Siregar et al. 2007). After this the plantation area of P. 
falcataria has increased steadily especially in the main cultivation areas Sumatra, 
Java, Bali, Flores and the Moluccas (Charomaini and Suhaendi 1997). A report by the 
Indonesian  Ministry  of  Forestry  suggests  that  by  the  1994  the  local  community  
managed P. falcataria forests  were  estimated  to  supply  about  20  %  of  the  total  
national timber demand (Ministry of Forestry 1994, as cited in Siregar et al. 2007). 
In more recent report by the Ministry of Forestry and the National Statistics Agency 
(Ministry of Forestry and National Statistics Agency 2004) the provinces of Central 
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Java and West Java are found to have the largest number of smallholder plantations 
of P. falcataria, which represent over 60 % of the total number of P. falcataria trees 
planted by households in Indonesia.  
 
Besides the above-mentioned countries the species has been widely planted in 
other tropical countries. In Hawaii the species has been cultivated since 1917 
(Fenton  et  al.  1977).  Records  of  managed P. falcataria plantations are also found 
from India (Jha 1994), Mozambique, Angola, Cameroon, Kenya, Uganda and 
Zimbabwe (Lock 1989), Brunei, Cambodia, Fiji, French Polynesia, Japan, Laos, 
Myanmar, Thailand, Tonga, United States of the America and Vietnam (Orwa et al. 
2009). 
 
2.2.2. Description and ecology 
Paraserianthes falcataria (L.)  Nielsen  is  one  of  the  four  leguminous  species  in  
genera Paraserianthes. Species  is  also  known  with  the  scientific  names  Albizia 
falcataria (L.) Fosberg, Albizia falcata (L.) Backer, Adenanthera falcataria L. and 
Albizia moluccana Miq., all as synonyms for Falcataria moluccana Miq. 
(Soerianegara and Lemmens 1993, Arche et al. 1998). As the many scientific names 
for the species may suggest there is also variety in the vernacular names used for 
the specie. In Indonesia common names for the species include batai, jeungjing, 
albisia, sengon laut (Java); rare, sika, sika bot, seka, selawaku (Maluku); bae, bai, 
wahogon (Irian Jaya) just to mention few. In other countries species is commonly 
known by its commonly used trade name batai or as albizia, Indonesian albizia, 
moluca, paraserianthes, peacock plume, white albizia (UK), falcata and moluccan 
sau (Philippines) (Soerianegara and Lemmens 1993). In the study area of this study, 
West Java, the species is commonly known as sengon. 
 
Falcataria is a fairly large tree that regularly reaches 24 to 30 meters in height and 
80  cm  in  diameter.  Heights  up  to  45  m  and  diameters  up  to  200  cm  have  been  
recorded (Bhat et al. 1998). The tree has straight, branchless bole up to 20 meters. 
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In the open the tree forms umbrella-shaped, spreading crown but in plantations of 
1000 to 2000 trees/ha the canopies of this light-demanding species are narrow 
(Garcia 1989, Soerianegara and Lemmens 1993, Bhat et al. 1998). 
 
 
 Figure 1. Straight bole of P. falcataria 
 
The leaves of falcataria are alternate, bipinnate and 23 – 30 cm long (Soerianegara 
and Lemmens 1993, Arche et al. 1998).  “Falcate” means “curved as a sickle” 
referring to the shape of the leaflets (Garcia 1989) which are opposite and many, 
15-20 pairs in each axis (Arche et al. 1998). The flowers are creamy white, 12 mm 
long, funnel or bell shaped. Fruit pods are narrow, flat, 10-13 cm in length and 2 cm 
in width with as many as 15 to 20 seeds, which are small, 6 mm long, sub-circular to 
oblong and dull to dark in color. Weight of 1000 seeds is only 16 -26 g (Soerianegara 
and Lemmens 1993).  
 
As  a  highly  evapotranspiring  species  (2000  mm/year)  falcataria requires a wet 
climate with annual precipitation ranging from 2000 to 2700 mm or sometimes 
even up to 3500 mm (Soerieanegara and Lemmens 1993, Charomaini and Suhaendi 
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1997). The optimal temperature range is from 22° to 29°C (maximum of 30 - 34°C 
and minimum of 20 - 24° C) and the species grows best when only a light dry season 
lasting maximum for two months takes place (Webb et. al 1984, Garcia 1989). 
Longer dry season up to 4 months are also tolerable for the species, but in the case 
there should be minimal rains for 15 days (Soerieanegara and Lemmens 1993, 
Charomaini and Suhaendi 1997). 
 
In natural stands falcataria is usually found on well-drained deep alluvial soils with 
reasonably  high  fertility  (NAS  1983).  It  is  likely  to  grow  better  on  slightly  alkaline  
soils  but  tolerates wide range of  soils  from dry and damp soils  even to saline and 
acid soils up to pH 4.5 as long as the drainage is sufficient (NAS 1983, Rourke and 
Suardika 1990, Soerianegara and Lemmens 1993, Arche et al. 1998). According to 
Dalmacio (1987 as cited in Garcia 1989) the most important site quality indicator for 
P. falcataria is the topsoil depth. Further, well-drained topsoil depth of 19 - 26 cm 
with 3 – 8% organic material and fairly high concentration of exchangeable 
potassium indicate a productive site for falcataria (Dalmacio 1987 as cited in Garcia 
1989). Falcataria will survive also on poorer soils, especially on nitrogen deficient 
soils as the association with Rhizobium spp. enables the specie to fix atmospheric 
nitrogen (Allen and Allen 1981). Nodulation by Rhizobium occurs in most soils with 
pH ranging from 5.5 to 7.0 and with sufficient moisture. Falcataria is also associated 
with endomychorrizal fungi, which enhance the growth and nodulation (Garcia 
1989).  
 
Falcataria is a pioneer species found in primary rainforests, secondary lowland 
rainforests and light montane forest. Species can be found also on disturbed sites 
such as grassy plains and along roadsides near the sea. In its natural stands 
falcararia is has been associated with species such as Toona sureni, Terminalia spp., 
Celtis ssp. and Pterocarpus indicus (Soerieanegara and Lemmens 1993). P. falcataria 
produces seed abundantly after reaching 3 - 4 years of age but as a strongly light-
demanding species it regenerates naturally only when exposed to sufficient amount 
of sunlight (Garcia 1989, Parrotta 1990). If seed source is available the natural 
regeneration is very productive - in some cases falcataria can even be considered as 
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a pest (Fenton et al. 1977). A healthy, five- to eight-year-old stand of P. falcataria 
can produce even 12 000 viable seeds per hectare (Soerianegara and Lemmens 
1993). The season of flowering and fruiting of P. falcataria differs depending on the 
geographic location: two flowering periods per year are reported in trees grown in 
Peninsula Malaysia and Sabah (Soerianegara and Lemmens 1993). In Indonesia the 
flowering takes place between October and January and seeds are usually ready for 
collection from July to August (Daniel et al. 1998). 
 
2.2.3. Wood properties and utilization 
The  wood  of  Paraserianthes falcataria is lightweight, soft to moderately soft with 
density ranging from 230 to 500 kg/m3 at  12-15  %  moisture  content.  The  grain  of  
the wood is straight or interlocked and texture moderately coarse but even 
(Soerieanegara and Lemmens 1993, Bhat et al. 1998). Falcataria wood is generally 
white-colored (Bhat et al. 1998) but particularly older trees can produce both light- 
and dark colored wood; in this case the wide light-colored sapwood is found around 
pale pinkish-brown, light yellowish or reddish-brown heartwood (Prawirohatmodjo 
1992, Soerieanegara and Lemmens 1993). The wood is easy to saw, bore and glue 
but the nailing properties are rated as poor. The wood peels and slices easily into 
good quality veneer of 0.8 to 1.66 mm thick without pretreatment and the wood 
properties are very suitable also for low- and medium density particleboards and 
pulping. The wood is considered to be too weak for structural components in house 
building and it is not durable for outdoor uses without preservatives as the wood is 
highly vulnerable to attacks by termites, beetles and fungi. Sawdust from dry wood 
may cause allergic reactions and irritation to respiratory organs (Soerieanegara and 
Lemmens 1993, Nemoto 2002). 
 
Falcataria wood is processed industrially for general utility uses such as light 
construction timber and planking, plywood, particle boards, lightweight packing 
cases, boxes and matches chop sticks, light furniture and paper pulp (Garcia 1989, 
Prawirohatmodjo 1992, Bhat et al. 1998). In West Java, Indonesia, the species has 
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been planted for commercial timber production mostly for pulp, paper and 
furniture industry but it is used as poles and posts also (Soerianegara and Lemmens 
1993,  Djogo  1994).  The  wood  is  also  well  suited  for  lightweight  veneer  and  
plywood, laminated veneer lumber (LVL), light- and medium-density particle board, 
medium-density fiberboard (MDF) and hardboard (Soerianegara and Lemmens 
1993, Nemoto 2002). Smaller pieces of falcataria wood can be finger-jointed and 
laminated to form value-added products such as block board as triplex and 5-ply (R. 
Chrisdianto, personal communication, August 4, 2009). Falcataria wood is also used 
increasingly as inner material in doors, often finished by MDF.  These doors have 
been proven to be fires-resistant resulting in growing interest in falcataria wood 
especially in the UK markets. In year 2002 in West Java alone, the estimated 
number of falcataria processing sawmills was at least 140 (Nemoto 2002).   
 
In South-East Asia Paraserianthes falcataria has traditionally been an important 
smallholder plantation tree species due to the desirable properties for different 
types of agroforestry. Rapid growth on variety of soils, ability to produce nitrogen-
rich biomass, extensive root systems, abundant seed production and feathery 
foliage that cast light shade are all characteristics that favor the specie for 
agroforestry uses (Daniel et al. 1998, Iskandar and Ellen 2000). Falcataria is widely 
used in tumpangsari (taungya) agroforestry system especially in Java (Wibobo and 
Pamoengkas 2005). Commonly the species has been used as shade tree in coffee, 
tea and cacao plantations and intercropped with other agricultural crops such as 
rice, cassava, maize and vegetables, and with fruit trees such as papaya, mango, 
orange and pineapple (Domingo 1983, Charomaini and Suhaendi 1997, Siregar et al. 
2007). In homegardens falcataria is often planted for fuel wood, charcoal 
production and as a support tree for different cash crop climbers while the leaves 
are commonly used for animal fodder (Garcia 1989, Prawirohatmodjo 1992, Djogo 
1994, Charomaini and Suhaendi 1997, Escalante et al. 1998). The falcataria foliage is 
often rich in nutrients and when the small leaves and branches of falcataria are 
shed to ground this nutrient rich litter contributes to nitrogen, organic matter and 
mineral additions to upper soil layers. Thus, falcataria has also been planted for soil 
improvement (Roshetko et al. 1998, Orwa et al. 2009). In alley cropping trial in 
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Indonesia the application of the green manure of falcataria doubled the rice yields 
and more than quadrupled cowpea yields as compared to control plots (Garcia 
1989).  
 
The fast growth and nitrogen-fixing capacity of falcataria has made it a widely used 
species also for fire- and windbreak planting, reforestation, afforestation and 
erosion control (Djogo 1994). It has also been noted to have ornamental value 
through the favorable characteristics it possesses: spreading crown, prolific flowers 
and light shade it provides (Roshetko et al.  1998). Locally the bark of falcataria has 
been used as a substitute for soap and the pods are used instead of peté beans 
(Parkia speciosa Hassk.) in cooking (Soerianegara and Lemmens 1993). 
 
2.2.4. Pests and diseases 
Small bagworm (Pteroma plagiophleps), yellow butterfly (Eurema sp.) and most 
notably  stem  borer  (Xystrocera festiva) are the major pests for P. falcataria 
plantations in Indonesia. Especially in Java stem borer is becoming a severe threat, 
as the host trees for the pest have been cultivated for a long period and the 
cultivated area is still increasing (Nair and Sumardi 2000). The infestation usually 
takes place when the trees are 2 to 3 years old and the percentage of infected trees 
tends  to  increase  with  age  (Matsumoto  1994,  Endang  and  Noor  Farikhah  2010).  
Severe infestation of the trees has been reported to reduce the yield and quality of 
the  wood  drastically:  in  East  Java  12  %  financial  loss  was  reported  when  infected  
trees were harvested at the age of 4 years, and 74 % when trees were harvested at 
the age of 8 years (Notoatmodjo 1963 as cited in Endang and Noor Farikah 2010). 
Often the infestation by stem borer leads to death of the trees (Nair and Sumardi 
2000). The cutting and removing Xystrocera festiva infested trees is currently a 
means to prevent the buildup of the harmful beetle population. In Indonesia on 
government-owned plantations the infected trees are removed systematically at 
the time of regular thinning operations carried out at 3, 4, 5 and 6 years of age. This 
has been reported to reduce the infestation rate to between 4-10% of trees (Kasno 
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and Husaeni 1998). Another insect infecting Paraserianthes falcataria in Indonesia is 
small  bagworm  (Pteroma plagiophleps), a tree-defoliating pest that usually occurs 
only occasionally, but severe, endemic patch infestations have also been reported in 
Sumatra. The larvae masses feed on the leaves and bark of the host tree leaving the 
leaves skeletonized and eventually shed. Recurrent severe infestations may result in 
tree dieback (Nair and Sumardi 2000). 
 
Except for nursery diseases and root rot on trees older than 10 years, P. falcataria 
does not suffer from any major diseases.  Commonly infecting diseases in nurseries 
include damping-off fungi Pythium, Phytophthora and Rhizoctonia spp. (Nair and 
Sumardi 2000). More recent disease reported to infect falcataria is gall rust 
(Uromycladium tepperianum) that causes severe damage to plant at any age from 
nursery seedling to mature trees (Rahuyu et al. 2010). Infected trees can bear up to 
hundreds of galls in smaller branches of canopy, which induce repeated branching 
and consequently affect the tree form. Heavily infected branches are prone to wind 
damage and breaking. The terminal foliage of infected trees may die from girdling 
of the shoot and severe infections may cause dieback of individual trees (Rahuyu et 
al. 2010). In 2004 an epidemic outbreak initiated in East Java and up to 2008 the 
disease had spread to Central Java and was invading also West Java (Rahayu 2008 as 
cited  in  Rahuyu  et  al.  2010).   As  a  means  to  managing  the  disease  Anino  (1997)  
suggests pruning and burning of infected parts, planting other suitable tree species 
on  areas  infected  and  use  of  bio  control  substances  such  as  Penicillium italicum, 
Acremonium recifei and Tuberculina spp. In addition he indicates that P. falcataria 
should not be planted elevation above 250 m, where the disease has been severe 
(Anino 1997). 
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2.2.5. Plantation establishment and maintenance 
As a pioneer species of forest growth P. falcataria produces seed abundantly and 
natural regeneration is productive if sufficient amount of light is available (Garcia 
1989, Parrotta 1990). In managed forests where mature P. falcataria trees are 
available the natural regeneration can be favored by burning or clearing the ground 
close to the mature trees for sufficient seed dispersal. When established the 
seedlings grow fast and are not greatly affected by competing vegetation (Parrotta 
1990, Bhat et al. 1998). Naturally regenerated seedlings are sometimes also 
collected and potted for planting but they are delicate and require careful handling 
(Martawijaya et al. 1989). In managed plantations the vegetative reproduction, 
coppicing, has also been found to be a vigorous and effective way of regenerating 
stands (NAS 1979, Parrotta 1990, Prawirohatmodjo 1994, Bhat et al. 1998). 
 
The more intensified plantation management of P. falcataria is usually initiated by 
selecting nursery-raised seedlings, container seedlings or stump cuttings for 
planting (Parrotta 1990, Soerianegara and Lemmens 1993). Falcataria seedlings are 
usually held in tree nurseries for 2 to 2.5 months (Martawijaya et al. 1989) or up to 
3 months (Garcia 1989) before planting out. By then the seedlings should have 
reached  height  of  20  –  25  cm  with  a  woody  stem  and  viable  rooting  system  
(Martawijaya et al. 1989). In a local nursery in Banjarsari, West Java (visited during 
data collection for this study) the seedlings were ready to be sold three months 
after sowing. At the age of 3 months the seedlings were classified in size-graded 
classes of 65 cm costing 700 rupiah and 100 cm seedling costing 1000 rupiah 
(personal  communication,  July  31  2009,  Pak  Udju).  Container  seedlings  are  often  
retained in nurseries  up to age of  4 to 5 months before transplanting to the field 
(Soerianegara and Lemmens 1993). For stump cuttings to have good survival rates 
the  suggested  size  is  5  –  20  cm  length  and  0.5  –  2.5  cm  diameter  and  with  root  
length of 20 cm (Martawijaya et al. 1989).  
 
The planting of P. falcataria should take place at the beginning of the rainy season 
(Bhat et al. 1998). Before the planting all weeds that might disturb the growth of 
the seedlings should be removed (Soerianegara and Lemmens 1993). The initial 
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planting density depends on the management objectives. On closer spacing 
falcataria produces tall  and straight  bole (Bhat et  al.  1998),  a  quality  that  is  often 
sought after in timber production. According to Garcia (1989) a common spacing for 
saw-log production is 6 x 6 m on fertile sites, or thinned to 6 x 6 m at 8 – 10 years 
with rotation of 15-17 years whereas for pulpwood production spacing is 3 x 3 m 
with rotation of 6 to 8 years (Garcia 1989). On farm woodlots trees may be planted 
at  2  x  2  m  spacing  and  commonly  on  irregular,  scattered  spacing,  allowing  the  
falcataria trees to regenerate naturally (Bhat et al. 1998). In a study by Kurinobu 
and others the state managed (Perum Perhutani) plantations were usually managed 
with 2 x 3 m initial spacing and rotation of 8 years (Kurinobu et al. 2007a) when 
Nemoto (2002) reports on 6-year rotations on company managed plantations (Kutai 
Timber Indonesia). 
 
During the first year after plantation establishment at least two or three weedings 
are recommended (Parrotta 1990). Generally P. falcataria stands should be kept 
weed-free  at  least  for  the  2  first  years  (Soerianegara  and  Lemmens  1993).  In  
Philippines the plantations are weeded every two months during the first two years, 
thereafter vine-cutting is recommended every six months for two years to keep the 
weeds under control (Anino 1997). For improved yield fertilization is recommended. 
For  each  seedling,  100  g  of  NPK  fertilizer  (14:14:14)  is  added  either  during  or  
immediately after planting and fertilization should be repeated 5 years after 
planting depending on soil fertility (Bhat et al. 1998). On the other hand, application 
of  12.5  kg/ha  P  has  been  found  satisfactory  to  improve  yield  (Soerianegara  and  
Lemmens 1993). 
 
As the falcataria trees have tendency to fork easily it is recommended to conduct 
pruning if the goal of the production is to produce high-quality timber (Soerianegara 
and Lemmens 1993). It has been noted that pruning has not been applied on 
plantations aiming at pulpwood production (Anino 1998). A stand for timber 
production  is  ready  to  be  thinned  at  the  age  of  4  to  5  years  to  a  density  of  250  
stems/ha and after 10 years to 150 stems/ha (Soerianegara and Lemmens 1993). 
Prajadinata and Masano (1998) reported more intensified thinning regime: thinning 
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should  start  2  years  after  planting  and  after  that  take  place  every  year  up  to  10  
years (Prajadinata and Masano 1998). Albasi Priangan Lestari, a factory processing 
falcataria wood for block boards in West Java, Ciamis reports to suggest partner 
farmers to use initial planting density of 2 m by 2 m and conduct surveys every 3 
months to decide whether or not thinning should take place. On these plantations 
the  common  rotation  age  is  from  6  to  8  years  (R.  Chrisdianto,  personal  
communication, August 4, 2009). 
 
Keeping in mind that falcataria has reported produce more desired white-colored 
wood at older ages (see above in section 2.1.3) some authors suggest application 
for plantation management: in order to acquire the more desired white-colored 
wood the timing of the felling should be carried out before the heartwood 
formation  takes  place,  which  is  believed  to  happen  at  the  age  of  8  to  12  years,  
depending on the quality of the site (Prawirohatmodjo 1992).  
 
2.2.6. Growth and productivity  
P. falcataria is often referred in the literature as the growth champion of the trees 
as the records of the growth performance of the species have been so vigorous. In 
general, the saplings grow very fast: under favorable conditions trees can reach 7 
meters in height only in 1 year, 16 meters in 3 years and 22 meters in 9 years (Bhat 
et al. 1998). On state-owned plantations in Kediri, East Java, Indonesia, 3 – 5 year 
old stands had mean heights of 11.7 – 20.5 meters, (maximum height at the age of 
5 of 23.5) and mean diameter from 11.3 to 18.7 cm with maximum of 24.8 
centimeters (Kurinobu et al. 2007a). Mature trees may reach heights of 25 meters 
up to 45 meters and stem diameters at breast height of 50 to 90 centimeters, 
yielding in total volume of 10 – 40 m3 ha-1 yr-1 (Webb et. al. 1984). In Philippines on 
managed plantations, falcataria has been reported to reach heights from 24 to 30 
meters and diameter at breast height from 50 to 100 centimeters, yielding to 25 to 
35 m3 ha-1 yr-1 (ERDB 1998).  
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Another study from managed plantations in Philippines by Chinte (1971 as cited in 
Pandey  1983)  shows  that  P. falcataria has shown remarkable growth in terms of 
mean annual increment: at the age of 2 years trees reached 39.0 m3 per hectare and 
by  the  age  of  7.5  years  already  49.0  m3 per hectare. Similar kind of results were 
obtained from a study conducted in Indonesia by Forest Research and Development 
Centre where P. falcataria trees reached heights from 29.4 to 35.3 meters with 
diameter at breast height from 32.5 to 46.5 centimeters at age of 12 years on four 
different site classes. These trees yielded remarkable mean annual increments from 
41.8 to 52.5 m3 ha-1 yr-1 (Suharlan et al. 1975).  
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2.3. Forest stand dynamics 
2.3.1. Tree growth 
In forest stands the tree height growth patterns vary between sites and individual 
trees as the growth is affected by both internal and external factors (e.g. Clutter et 
al. 1989, Miina 2001). The internal factors affecting tree growth include tree size, 
age, tree vigor and genotype when external factors affecting growth of trees include 
the growing conditions: climate, elevation, site quality, competition and shading as 
well as pests, diseases and damages. Also dying and reproduction within a forest 
stand may be included in external factors as they affect the competition facing the 
tree individuals (Evans 1992, Vanclay 1994).  
 
When trees are exposed to full sunlight the height growth of individual tree follows 
a sigmoid curve with age. At first the height growth is slow as young, small trees are 
not able to accumulate energy for rapid terminal growth, but as the size and foliage 
of  the  tree  increases,  more  energy  becomes  available  for  the  terminal  shoot  to  
grow. This increase in energy accumulation potential results in accelerated height 
growth that continues until the tree reaches its highest growth rate. After this peak, 
the growth rate slows down as the stress created by extreme height, exposure or 
crown size limit the expansion of the terminal (Oliver and Larson 1996). At the stand 
initiation stage the height growth of seedlings is strongly affected by the 
competition caused by herbs and shrubs (Evans 1992, Lamprecht 1989). The height 
growth  of  young  trees  is  stated  to  be  as  strongly  affected  by  tree’s  vigor  as  site  
productivity (Oliver and Larson 1996).  
 
The growth of trees can be altered also by forest management. It has been stated 
that height growth can be reduced by excessive pruning of lower branches (Staebler 
1964 in Oliver and Larson 1996) and opposing statements have been made for the 
hypotheses that at very wide spacing trees slow their height growth. A reduction in 
height growth occurs more probably at very wide spacing on trees with weak 
epinastic control (Oliver and Larson 1996).  
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Even with variation the height growth is considered more constant than diameter 
growth on a given site. Trees under competition for resources, especially for water, 
typically express reductions in diameter growth as tree height growth is given 
priority to diameter growth in photosynthetic allocation (Waring 1987). Thus, height 
growth is comparatively independent of spacing and amount of foliage except in 
extremely dense stands (Oliver and Larson 1996). Due to this height growth is 
generally considered as a better measure of site’s growth potential than diameter 
growth; dominant trees of a given species grow in height approximately at the same 
rate over a wide range of different spacings. For this reason the height is used as an 
index of a site’s growth potential in even-aged stands (Pienaar and Turnbull 1973, 
Oliver and Larson 1996, Sharma et al. 2002). 
 
2.3.2. Density management 
Stand density management or density regulation is usually referred as the process 
of controlling resource competition in a tree stand through density manipulation in 
order to realize specific management objectives. Density manipulation is done 
operationally by regulating the number and arrangement of individual trees on a 
given forest site through initial spacing and (or) through thinning(s) (Newton et al. 
2005).  
 
In plantation management the initial spacing is one of the most significant 
silvicultural  decisions  as  it  affects  stem  form  and  size  of  individual  trees  and  the  
future development of the stand as a whole. Initial spacing is thus an effort to 
optimize  the  establishment,  management  and  thinning  costs  as  well  as  the  total  
revenue gained from the stand (Evans 1992). The species and the use of wood 
produced affect the spacing. For maximum volume growth there is an optimum age 
and  spacing  for  maximum  stand  volume  growth  for  each  tree  species  and  on  the  
other hand at wider spacings stand volume growth continues to increase with age 
but does not reach as high levels as the optimum spacing and age (Oliver and Larson 
1996). For firewood and pulpwood production closer initial spacings are applied 
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since  the  stem  dimensions  are  not  as  important  as  the  aim  to  minimize  rotation  
length and maximize the total volume of the stand. For sawn wood production the 
wider initial spacings are to maximize the stem dimensions while the potential 
losses in productivity are compensated by the higher value of the produced wood 
and partially by the earnings from thinning (Lamprecht 1989, Evans 1992). 
 
By thinning the stand density is adjusted to the production capacity of the site and 
the growth pattern of the tree species in order to maximize the revenue and 
minimize the rotation period (Evans 1992). Thinnings are done by removing some 
trees in order to minimize competition within remaining stand and thus release 
growing  space  and  other  resources  for  remaining  trees  to  use.  As  a  result  from  
thinning the remaining trees produce larger crowns due to increased exposure to 
light and photosynthesis can be allocated also to diameter growth. This free growth 
stage continues until canopy reclosure, that varies with tree height, growth rates 
and spacing. As the canopy recloses the lower branches begin to suffer from light 
deficiency,  lose  vigor  and  eventually  die  (Lamprecht  1989,  Evans  1992,  Oliver  and  
Larson 1996). 
 
After initial planting density, the timing of first thinning is crucial as it defines the 
level of stand vigor and growth before subsequent operations (Evans 1992). In 
tropical plantations grown for sawn timber the crown closure has been found to be 
a  good  indicator  for  first  and  second  thinning  as  it  correlates  well  with  early  
reductions in diameter growth (Lamprecht 1989, Oliver and Larson 1996). In dense, 
young plantations, competition for light drives crown recession, which results in 
reductions in diameter growth. The trees that have already suffered from low 
carbohydrate availability due to repressive crown exposure will be slow to respond 
to thinning, if they respond at all. In stands that are not responding to thinning the 
diameter growth lost during tree competition phase can only be recovered by 
expanding the rotation time (Oliver and Larson 1996).  
 21 
 
2.4. Stand growth and yield modeling 
2.4.1. Defining a growth model 
The aim of stand growth and yield models is to provide reliable information about 
current and likely future forest conditions to support decision-making related to 
forest management. Growth and yield predictions that estimate changes in forest 
system over time are helpful when exploring management alternatives, predicting 
future yields and updating forest inventories (Clutter et al. 1983, Vanclay 1994).  
 
Growth refers to the change in dimensions of one or more individuals in a forest 
stand  over  a  given  period  of  time  (e.g.  volume  growth,  m3 ha-1 a-1), when yield 
stands for the standing tree or stand volume, the final dimensions at the end of a 
certain period (e.g. volume, m3 ha-1) (Vanclay 1994, Oliver and Larson 1996). Thus, 
with growth models the annual growth of forest stand dimensions (e.g. diameter, 
basal area or volume) can be predicted for example as a function of age, whereas a 
yield model produces the attained dimensions of a stand at a specific age. These 
two concepts, growth and yield, are closely related mathematically as growth is the 
first derivative of yield function, and on the other hand yield equation can be 
attained by integrating the growth function (Vanclay 1994).  
 
The predictions of forests stand growth and yields are based on the assumption that 
there  are  factors  determining  the  growth  and  yield  of  each  species  as  discussed  
earlier  in  the  Chapter  (2.3.1.).  These  factors  affecting  tree  growth  are  taken  into  
account  in  forest  growth  models  in  various  ways.  Existing  forest  growth  models  
have differences in the complexity and the detail in which they represent the 
systems under inspection (e.g. García 1993, Vanclay 1994). According to Vanclay 
(1994)  the  growth  models  can  be  categorized  into  (a)  whole-stand  models  
predicting growth or yield of the whole stand, (b) size class models providing 
information  on  the  structure  of  the  stand,  (c)  single-tree  models,  (d)  process-
models, which attempt to model the processes related to growth and (e) ecosystem 
succession models that model species succession. Further, models can be either 
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deterministic or stochastic. A deterministic model creates a prediction of the 
expected growth of a forest stand as a trend, when stochastic model takes natural 
variation into account by providing different growth predictions each with a specific 
probability of occurrence (Vanclay 1994, Garcia 1999). 
 
Traditional empirical stand level models describe the state of the forest stand by 
few  variables  that  represent  the  stand-level  aggregates,  such  as  basal  area  (BA),  
stocking  (number  of  trees  per  unit  area),  stand  volume  (m3)  and  diameter  
distribution (e.g. Saramäki 1992, García 1993, Vanclay 1994). These models are not 
trying to explain all factors that may be influencing the tree growth, but as they can 
be constructed with information often available in forest inventory and represent 
general prediction of the future stand, they are often adequate for modeling the 
future development of homogenous, even-aged, pure stands (García 1993, 1999; 
Vanclay 1994). 
 
Traditional growth and yield prediction procedure in even-aged stand consists of 
the following stand level parts: site classification, development of growth functions 
for basal area or diameter increment, development of growth function for height 
increment, description of form development, modeling of thinning effect and 
modeling of mortality development (Saramäki 1992). 
 
2.4.2. Site classification 
Site quality  is  defined as “the timber production potential of a site for a particular 
species  of  forest  type”  (Clutter  et  al.  1983).  Thus,  the  evaluation  of  site  quality  is  
crucial for making predictions of the productivity, rotation and management 
requirements of a given forest stand in managed forests. In growth and yield 
modeling the production capacity of the land area is expressed through quantifying 
site differences through direct or indirect methods. Direct site quality evaluation 
methods utilize measured stand volume and height data or historical yield records, 
when indirect evaluation is based on interspecies relationships, undergrowth 
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vegetation characteristics or other habitat factors such as topography, climate and 
soil (Clutter et al. 1983). Direct, quantitative, methods based on measured tree data 
express site quality as a continuous variable, whereas indirect methods based on 
habitat factors often represent site production in few classes. It must be noted that 
as site quality estimation summarizes several multi-dimensional factors of the 
environment into a one single index it must be considered as an approximate 
(Vanclay 1994).   
 
An  indirect  method  commonly  used  for  assessing  potential  productivity  of  forest  
lands is stand height (e.g. Clutter et al. 1983, Walters 1989, Garcia 1999). As tree 
height growth is relatively unaffected by stand density and tree height growth rate 
has been found to correlate with site quality, the average height of the dominant 
trees at index age is widely used approach for quantifying site quality in even-aged, 
single-species stands (e.g. Walters et al. 1989, Vanclay 1994). The use of dominant 
trees for site evaluation is justified as the height growth of dominant trees is not 
affected by stand density as much as height growth of co-dominant and suppressed 
trees (e.g. Pienaar and Shiver 1984).  
 
Following this method the basic relationship between tree age and attained height 
indicates the site quality presented as:  
 
Height = f1 (age)    (1) 
 
indicating that at a given site the forests stands follow a particular height 
development pattern with age. The observed stand age and related height data can 
be divided into a number of height curves representing different site index classes 
(Pretzsch 2009). As on good productivity sites the height growth is faster than on 
sites with lower productive capacity (Eerikäinen 2001) the higher site index value 
represents better site qualities and lower site index value lower quality sites (Clutter 
et al. 1983). 
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The site index prediction equations are classified into three types: (1) anamorphic 
curves, where the height is a constant proportion of age on different sites, (2) 
polymorphic disjoint curves, where the height proportion is not constant but the 
curves do not cross within the age range of interest, and (3) polymorphic non-
disjoint curves where there is no constant proportionality relationship between 
height and age and the curves intersect within the age range of interest (Clutter et 
al. 1983).  
 
The guide curve methods generate anamorphic site index equations representing a 
straightforward quantification for site index (Clutter et al 1983). A commonly used, 
flexible and robust equation for determining the guide curve for site index is the 
non-linear equation of Chapman-Richards (Richards 1959, Pienaar and Turnbull 
1973) with basic form of: 
 
H = a (1 – exp (-b (A)) ^c      (2) 
 
where H is the height to be predicted, A is tree age and a, b and c parameters to be 
estimated.  
 
Parameters of equation are estimated by non-linear regression analysis determining 
the set of parameter values that minimize the sum of squared residuals. 
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2.4.3. Modeling the competition 
Tree suppression and death are autogenic, natural processes of stand development 
which can be referred to regular mortality. If the death of trees occurs because of 
other causes than natural suppression, for example, by fires, windstorms, unusual 
insect or disease infections or human activities, the process can be defined as 
irregular mortality (Oliver and Larson 1996). As the suppression and death are 
natural processes in stand development they should be included also in the 
modeling of stand development for management. Often in plantation growth and 
yield modeling the modeling of mortality is left out of the calculations as it is 
assumed that natural mortality of trees does not take place in managed forest 
stands. Nevertheless, the mortality estimates have been stated to have a major 
influence on the accuracy of the growth and yield forecasts (Vanclay 1994).  
 
The inclusion of competition into the stand development modeling helps the forest 
managers to determine when the stand will become overly crowded and subject to 
mortality,  as  well  as  to  find  the  time  when  maximum  growth  per  hectare  occurs  
(Oliver and Larson 1996). The competition within a forest stand is usually defined as 
a function of stocking density of the stand, often expressed as trees per hectare (N 
ha-1)  or  stand  basal  area  (m2 ha-1) (Vanclay 1994, Monserud and Sterba 1996). 
Among the most widely used competition or suppression indices in developing 
stand management guidelines is the Reineke density index (Reineke 1933). This 
density index assumes that there is a simple relationship between maximum stand 
density and mean tree size (Vanclay 1994). A linear Reineke-Density index (RDI) 
indicates the maximum number of trees possibly occupying a stand by: 
 
RDI =  N  x (a/DBH) b    (3) 
 
where RDI is the Reineke density index, N is the number of trees per hectare, DBH is 
the diameter of a tree at breast height in centimetres and a and b parameters to 
estimate. 
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Example of equation that models the competition within a forest stand by including 
the stand basal area as the limiting factor for diameter increment is competition 
factor (CF) developed by Pérez and Kanninen. This index is based on the reduction 
of current annual increment of diameter at breast height (DBH) as a function of 
different basal areas expressing stand densities. This index assumes that the current 
annual increment of DBH (CAIDBH) is maintained close to its maximum when stand 
densities are low but decreasing rapidly (non-linearly) with increasing stand density. 
This index produces values from 1 to 0, 1 representing no growth reduction and 0 
no growth at all (Pérez and Kanninen 2005). 
 
 
CF = 1 - (a x 10 b x BA)    (4) 
 
where CF is the competition factor (relative values between 0 and 1)  and BA is the 
basal area (m2 ha-1), a and b parameters to be estimated. 
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3. MATERIAL AND METHODS 
3.1. Study area 
The field study was carried out in Indonesia during June-August 2009. The study 
area,  Ciamis  district  in  West  Java  province,  Indonesia  was  selected  as  the  study  
location due to the sufficient availability of smallholder plantations of 
Paraserianthes falcataria and related wood-processing industries (see Figure 2). In 
West Java the forested area is about 1 million hectares out of which 430 000 
hectares  is  defined  as  protection  and  conservation  forests  and  about  600  000  as  
production forests (Nawir et al. 2007a). 
 
 
 
 
 
 
 
 
Figure 2.  Map of Indonesia with location map of West Java Province and 
Ciamis District. 
 (Sources:www.exportinfo.org/worldfactbook/indonesia_WFB.html, 
http//:commons.wikimedia.org/wiki/File:Ciamis_locator_map.png) 
 
 
 
West Java Ciamis 
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Ciamis district with area of 2,556.75 km² is divided into 30 sub districts with vast 
variety in environmental conditions. The elevation in the district ranges from 0 to 
2500 meters above sea level (asl.).  The highest elevations of 1500 – 2500 are found 
in north of the district, and the lowest elevations of 0 to 25 meters asl. are located 
both in the northeast and in the southern parts at the coastal area of Indian Ocean. 
In  general  most  of  the  district  has  slopes  more  than  15  %:   66%  of  the  land  area  
accounting for 161 529 hectares. The more flat terrain with slopes less than 2% are 
found in north-eastern corner of the district and in coastal areas in south. North of 
Ciamis  is  geologically  dominated  by  old  and  new  volcanic  sediments  with  latosol  
soils when in south the geography is more diverse with alluvial, limestone and other 
rock formations found mostly with podsolic and alluvial soils. The mean annual 
precipitation in the district area is 2000 mm (1999 – 2009), when north part of the 
district receives on average 1700 mm, central 1900 mm and south 2200 mm of 
precipitation annually (KIMPRASDA, 2008). The figures representing the 
environmental conditions in the study area Ciamis are presented in the Table 1. 
 
Table 1.  Environmental conditions in sub districts included in the study 
 
Area Sub district Elevation 
1 Soil type 2 Precipitation3 Slope 1 
  av. (min-max)  (mm/yr) min-max 
North Ciamis 
Cikoneng 331 (302-362) latosol 2000 17-43 
Sindangkasih 509 (402-575) latosol 2000 0-62 
Tambaksari 443 (424-462) latosol 1500 10-12 
Cisaga 267 latosol 1500 23 
Rancah 530 (522-538) latosol 1500 11-38 
Central 
Ciamis 
Banjarsari 307 (114-546) latosol 1700 0-67 
Langkaplancar 308 (265-361) podsolic 2200 0-58 
South Ciamis 
Padaherang 48 (30-231) podsolic 1400 0-37 
Sidamulih 187 podsolic 2300 0-35 
Pangandaran 37 (33-40) aluvial 2300 0-46 
Kalipucang 180 podsolic 2300 0-27 
Cijulang 47 (25-65) podsolic 2700 0-15 
Parigi 143 (136-155) aluvial 2400 0-20 
1. Field data collected for the study, 2. Laporan Tahunan, 2008, 3.KIMPRASDA, 2008 
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3.2. Site and stand selection  
After short field visits to find out where P. falcataria stands are most abundantly 
available in West Java the whole district of Ciamis was selected as the study area, 
divided into three geographical regions of North, Central and Southern Ciamis. The 
local forest authorities in Forest District and Sub-district offices provided help in 
getting  access  to  the  study  area  village  leaders,  farmer  group  leaders  and  active  
farmers  that  had  more  in  depth  knowledge  in  availability  and  locations  of  P. 
falcataria plantations. After getting the access to farmers short interviews took 
place in order to get information on the exact locations, planted areas and 
establishment times of the smallholder plantations. Once the availability of the 
plantations was guaranteed in the area of interest the stand selection was done 
based the distribution of different age classes. For this study, systematic or random 
sampling of stands or sample plots inside the stands was not possible as the 
availability of the P. falcataria plantations especially in different age classes was 
limited.  
 
Plantation was initially qualified to be included in plantation inventory if it was 
managed by smallholder, was accessible by less than one hour by walking, had area 
minimum  of  0.1  hectares  in  size  or  had  at  least  50  trees  and  was  dominated  by  
Paraserianthes falcataria. The aim of the stand selection was to obtain observations 
evenly from all age classes. As a initial goal for the site selection 30 plots in each 
geographical area with approximately 5 plots in each age class (1 years, 2 years, 3 
years, 4 years, 5 year and >6 years) was set for even distribution of different age 
classes in different regions. Due to the differences in the availability of suitable 
plantations in different regions the goal of distribution could not be strictly followed 
(Table 2). In general, stands of P. falcataria more than 5 years old were very difficult 
to find. In most cases older trees were only found as border trees or individual 
shade trees scattered widely apart, thus they did not represent pure single species 
plantations that were sought after in this study.  
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Table 2.  Distribution of measured plots in different age classes and among 
the Ciamis District geographical regions 
 
Plantation age 
(years) 
North 
Ciamis 
Central 
Ciamis 
South 
Ciamis Total 
1  2 0 8 10 
2 7 6 10 23 
3 3 12 10 25 
4  6 8 10 24 
5 2 8 2 12 
? 6 1 4 7 12 
Total 21 38 47 106 
 
Before measuring the trees on each smallholder plantation the owner or owner 
representative was asked for permission to conduct inventory in the stand. In most 
of the cases the plantation owner was able to join the measurements and provide 
answers to questions that were raised during the inventory. With the information 
gained from the owner each tree stand was identified by attributes of accessibility, 
total planted area, species composition, stand establishment year, initial spacing 
and topography. 
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3.3. Sample plots and collected data  
Most of the data collection conducted following the field manual of the Center for 
International Forestry Center (CIFOR) coordinated project "Strengthening Rural 
Institutions to Support Livelihood Security for Smallholders Involved in Industrial 
Tree-planting Programs in Vietnam and Indonesia” (Kleinn and Schnell, 2008). In 
each studied stand at least one circular plot was established with at least 20 trees of 
Paraserianthes falcataria in it, the plot size depending on the stand tree density. For 
determining the density the initial spacing of the stand was checked by measuring 
the distance between planted trees, or in case of irregular spacing the distance 
from  the  plot  centre  to  6th and  7th closest trees was used to approximate the 
density of trees per hectare (Figure 3).  
 
 
 
Figure 3.  Method for estimating stem count per hectare to adjust the plot 
size (Source:  Kleinn, C. and Schnell, S. 2008) 
 
 
After the density of the stand was calculated the radius of a circular plot that should 
result in 20 trees could be determined by using formulas (5) and (6). 
 
    (5) 
 
    (6) 
 
2 20[ ] 10000
No of trees per ha
PlotArea m ? ?
[ ] PlotAreaPlotRadius m ?
?
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In case the stand had a slope more than 10 % the plot size was adjusted with slope 
correction in order to give correct area on a horizontal map plane. In sloped terrain 
the original plot radius was multiplied by the slope correction factor, where ? is the 
slope inclination angle measured with clinometer (3).  
 
         
(7) 
 
After defining the plot radius both plot and tree level information was collected. On 
plot level attributes of location (UTM grid coordinates in plot centre), topography 
with slope and aspect measurements, plantation area, stand establishment time, 
initial spacing, understorey, ground vegetation, regeneration trees, overall 
condition of the stand and damages were recorded.  On each plot all the trees, at 
least 20, were numbered and measured by attributes of height, height of first 
commercial branch and diameter at breast height. In case of stumps the diameter 
and height of the stem was recorded together with the information on years since 
cut. Also stem quality for high value use (sawn wood) and tree position in the stand 
(dominant, other, suppressed) were visually observed together with silvicultural 
status  of  the  stand.   The  silvicultural  status  was  visually  estimated  as  the  overall  
condition of the plantation in one of the following classes: (1.) Good, well tended 
and maintained, trees in a generally good condition, (2.) Medium, overall condition 
acceptable but some problems are probable to come up, (3.) Poor: success/survival 
of plantation doubtful, makes and abandoned impression. Also the traces of 
damages of trees or site were recorded such as erosion, dense climbers, fire, cattle, 
browsing, insects as well as other, additional observations on plantation 
development and growth. 
 
Data in Table 3 (page 33) represents the summary of the collected tree data. In total 
106 sample plots of approximately 20 P. falcataria trees each were measured as 
temporary plots.  This data excludes coppice trees even though they were regularly 
found on the smallholder plantations. Three permanent plots were established 
during the field measurements for future use. The age of measured plantations was 
cosSlope
rr
?
?
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between 1 and 12 years. In total, 2526 trees (missing trees and other species 
included) were measured when out of the total number of trees the 2303 P. 
falcataria trees  form  the  basis  for  the  study  purposes  of  developing  growth  and  
management scenarios.  
 
 
Table 3.  Summary of the measured plot data from 106 sites of P. falcataria in 
Ciamis, Indonesia in mean values (the range of measured values in 
parenthesis) 
Location Plot Stand age N Mean DBH Mean H Mean BA 
(sub district) (N) (years) (tree ha-1) (cm) (m) (m2 ha-1) 
Cikoneng 10 2.5 
(1-7) 
1430-6300 7.1 
(0.8-20.8) 
9.9 
(1.7-24.3) 
18.7 
(3-46) 
Sindangkasih 6 3.5 
(3-5) 
2200-5200 12.1 
(2.9-42.0) 
12.1 
(4.4-30.9) 
31.7 
(15-40) 
Tambaksari 2 2.3 
(2-3) 
2800-3300 10.0 
(2.4 – 20.5) 
12.3 
(4.0-18.6) 
27 
(22-32) 
Cisaga 1 6.8 1200 13.7 
(5.8-26.7) 
18.1 
(8.9 -27.9) 
20 
Rancah 2 4.3 
(4-5) 
1200-1500 11.2 
(1.8-25.3) 
12.6 
(3.5 -20.3) 
15.5 
(12-19) 
Banjarsari 24 3.6 
(3-12) 
155-3400 14.8 
(1.2-74.0) 
15.2 
(2.5-33.6) 
23.6 
(12-40) 
Langkaplancar 14 3.6 
(2-6) 
390-2450 14.3 
(2.2-43.1) 
14.7 
(3.3-28.1) 
17.2 
(6-38) 
Padaherang 23 2.8 
(1-10) 
45-4840 13.2 
(1.8-62.5) 
14.3 
(1.8-41.3) 
18.8 
(3-40) 
Sidamulih 10 4.2 
(2-12) 
120-2100 16.4 
(2.0-70.5) 
16.1 
(2.9-36.2) 
17.3 
(5– 29) 
Pangandaran 2 3.8 
(2-6) 
1050-4400 11.9 
(2.0 -70.5) 
10.8 
(1.5-21.9) 
20.5 
(8-33) 
Kalipucang 1 3.8 1430 15.9 
(4.6-29.2) 
17.0 
(7.3-22.7) 
29 
Cijulang 6 3.2 
(1-5) 
840-3780 11.6 
(2.8-26.8) 
13.8 
(2.5-25.4) 
22.5 
(6-42) 
Parigi 5 4.2 
(2-12) 
700-1320 14.4 
(6.4-29.4) 
17.3 
(5.3-26.5) 
18.4 
(13-28) 
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3.4. Wood prices and management costs 
In order to get an overall picture of the demand and use of Paraserianthes 
falcataria wood, short visits were made to local industry representatives buying 
wood  from  local  smallholders.  Also  a  local  intermediary  (middleman), Mr. Garat, 
who buys wood from local smallholder farmers and sells the wood further to bigger 
companies was interviewed to get additional information about the falcataria wood 
prices. In Ciamis District there are various small-scale sawmills, companies and 
industrial facilities buying and processing falcataria wood (personal communication, 
Sudarmanto, July 2, 2009). Among the biggest and well-established processing 
industry companies in close proximity to Ciamis are Albasi Priangan Lestari (APL) in 
Banjar and Makmur Maju Pallet (MMP) in Tasikmalaya. 
 
The prices that these two companies pay for a cubic meter of wood depend either 
on the diameter of the round-logs or the dimensions of ready-sawn assortments. 
MMP buys mostly ready-sawn assortments in four different dimension classes for 
core block board processing. The company representative mentioned that the wood 
they buy is most often from plantations aged not more than 5 years (personal 
communication, Thepradjaja, E., July 3, 2009). Then again, APL in Banjar buys mostly 
round-logs for veneer, core block board and layered block board manufacturing. 
According to the representative from APL, the most valued wood is round-log 
timber with diameter over 30 centimetres, when the price paid for seller (either 
farmer himself or the intermediaries, middlemen) for the wood filling these 
requirements, is as much as 800 000 rupiahs per m3 of wood. As this industry did 
not indicate any higher price for diameter logs larger than 30 centimetres this is the 
maximum price used in simulations. It can be that there is some other industry 
paying for larger diameter logs, but this information was not available for this study. 
Representative also added that during the time of rapid appraisal the demand for P. 
falcataria wood was not meeting the supply especially in countries like China, 
Taiwan and Japan – this predicting that the price for P. falcataria wood would 
increase in the near future (R. Chrisdianto, personal communication August 4, 
2009). The price information gained from rapid appraisals among industry 
representatives are presented in Table 4. 
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Table 4. The prizes paid for seller of P. falcataria wood in Ciamis, West Java 
 
Operator Origin of 
wood 
Products 
sold 
Markets Size requirements 
ø DBH or dimensions 
Prize paid 
IDR/m3 
Garat Ciamis 
Round logs 
to industry 
MMP 
 
Puroworejo 
(Central 
Java) 
ø  10 – 14 cm 300 000 IDR 
ø  15 – 24 cm 350 000 IDR 
ø  > 25 cm 640 000 IDR 
APL 
Ciamis 
Tasikmalaya 
Garut 
Banjar 
lightweight 
interior 
panel 
block board 
layered block 
board 
China 
Japan 
Taiwan 
Middle East 
India 
assortments: 
15 x 5 x 130 cm 
16 x 5 x 130 cm 
17 x 5 x 130 cm 
18 x 5 x 130 cm 
500 000 –  
600 000 IDR  
ø  19 – 24 cm 675 000 IDR 
 ø 25 – 29 cm 750 000 IDR 
ø  > 30 cm 800 000 IDR 
MMP 
Ciamis 
Tasikamalaya 
block board 
Japan 
China 
Korea 
Taiwan 
 
assortments: 
5 x 8 x 130 cm 
5 x 10 x 130 cm 
5 x 12 x 130 cm 
5 x 14 x 130 cm 
 
 
Grade A: 
 750 000 IDR  
 
Grade B: 
700 000 IDR 
 
Where Garat = the intermediary/middleman operating in North Ciamis, APL = Albasi 
Prangan Lestari, Banjar, MMP = Makmur Maju Pallet Industry, Tasikmalaya, IDR= 
Indonesian currency, rupiah 
 
 
 
It must be noted that these prices provided by local industries provide only an 
indicative of the prices of P. falcataria wood. This information is limited and was 
used only for outlining the management scenarios for P. falcataria smallholder 
plantations as better and more in-detail information was not found for this study.  
 
 
 36 
 
Harvesting and felling cost information gathered on community forestry plantations 
in East Java by Warsito et al. (2005) was used to give an approximate of the thinning 
and felling expenses facing the smallholder plantation managers in Ciamis district. 
In the study by Warsito and others the thinning cost for one thinning varied 
between  13  681  and  6  985  223  rupiahs  per  hectare,  and  the  volume  of  wood  
removed  in  each  thinning  varied  from  2.89  to  289  m3 ha-1.  As  the  volume  of  
removed wood in thinnings varies so much it was preferable to evaluate the cost for 
conducting a thinning per m3 of wood instead of cost per hectare. Based on these 
values average costs for thinning and final cut were calculated. For the thinnings the 
average calculated cost was 19 657 rupiahs per m3 and for felling 52 681 rupiahs per 
m3 of removed wood. When taking into account the inflation of Indonesian rupiah, 
which was on average 8.29 % between the study of Warsito and others in 2005 and 
data  collection  for  this  study  in  2009,  the  final  prices  used  for  estimating  the  
management costs are: for felling 29 624 rupiahs for m3 of wood removed and for 
final cut 79 392 rupiahs for m3 of wood removed. It must be noted, that for more 
comprehensive and realistic economic analysis for the income generation from P. 
falcataria plantations, information on site preparation, planting, weeding and 
transportation costs should be included. 
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3.5. Data analysis 
3.5.1. Development of site quality estimation models 
The data in previously presented Table 3 was used to develop stand growth models 
for mean diameter and height projection with age (Table 3). This data excluded 
coppices of individual trees, which were expected to have reduced growth potential 
when compared to planted trees. First all the measured trees were categorized 
according to their growth performance in terms of height and diameter in each 
measured age class from 1 year to 12 years).  Then the best performing 25% of the 
trees in each age class were selected from the database to represent the site with 
best productivity i.e. best site quality. This selection was made to develop the 
growth scenarios based on the potential growth of the specie.  
 
P. falcataria growth models were developed based on non-linear fitted curve of 
Chapman-Richards function, which proved to have best fit and flexibility for the 
purposes of this study. The function for the development of height with age is: 
 
H= a [1 – exp (- b A)] (c)    (8) 
 
where H is the average tree height at age (A) years old, a is the parameter for the 
upper asymptote for height,  b is  the  rate  of  growth  parameter  and c is  the  
parameter defining the shape of the curve. These parameters were estimated 
separately for each site class in order to generate growth guide curves for each site. 
 
The function for the development of diameter with age is:  
 
 DBH = a [1 – exp (- b A)] (c)    (9) 
 
where DBH is the tree diameter at breast height and A is tree age and a, b and c the 
parameters estimated separately for each site class. 
 38 
 
The function parameters were estimated by non-linear regression analysis where 
set of parameter values that minimize the sum of squared residuals was selected for 
best fitting growth model. First the parameter estimation was conducted on 
Excel2007 by iterative procedure and later for statistical analysis on PASW 18 
statistical software. Produced growth curves are presented in Figures 4 and 5 (next 
two pages).  
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Figure 4.  Fitted curves for the relationship between age and total tree height 
developed for the study. 
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Figure 5.  Fitted curves for the relationship between age and diameter at breast 
height developed for the study. 
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3.5.2. Development of stand growth models 
The construction of silvicultural management scenarios for plantations of P. 
falcataria was based on the developed stand diameter and height growth curves for 
three different site classes i.e. S1, S2 and S3 (see Figures 4 and 5). First these models 
were used to model the corresponding dominant height growth. For simulating the 
annual diameter growth of individual trees the diameter of each tree was updated 
by adding the annual diameter increment to the current diameter value. In order to 
take the modifying effect of competition into account, two stand density indices 
were included in the stand development simulation model.  
 
First, a forest stand competition factor (CF) developed by Pérez and Kanninen was 
used in the simulation model. This index is based on the reduction of current annual 
increment of diameter at breast height (DBH) as a function of different stocking 
densities (expressed in basal area BA, m2 ha-1). This index assumes that the current 
annual increment of DBH (CAIDBH) is maintained close to its maximum when stand 
densities are low but decreasing rapidly (non-linearly) with increasing stand density. 
This index produces values from 1 to 0, 1 representing no growth reduction and 0 
no growth at all (Pérez and Kanninen 2005). 
 
 CF = 1 - (a x 10 b x BA)    (10)
  
where CF is the competition factor (relative values between 0 and 1) and BA is the 
basal area (m2 ha-1), and parameters  a = 0.003 and b = 0.160.  
 
The values for CF parameters a and b were  derived  from  the  competition  factor  
developed for Tectona grandis plantations in Costa Rica (Pérez and Kanninen 2005). 
Based on the similarities in the behaviour of the Reineke Density Index (RDI) - see 
below - for Tectona grandis (Pérez and Kanninen 2005) when compared that of 
Paraserianthes falcataria (Kurinobu et al. 2007b), CF (Equation 10) was considered 
appropriate for Paraserianthes falcataria stands. 
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Reineke density index (RDI) (Reineke 1933) was used to further clarify the effect of 
competition within simulated stands. This index expresses the maximum number of 
trees possibly occupying a stand as a linear line: 
 
RDI = N  x (a/DBH) b    (11) 
 
where RDI is the Reineke density index, N is the number of trees per hectare, DBH is 
the diameter at breast height in centimetres and a = 25 and b= -1.9175 parameters 
from the study on Tectona grandis plantations in Costa Rica (Pérez and Kanninen 
2005). These parameter values did not differ much from ones derived for 
Paraserianthes falcataria by Kurinobu and others (Kurinobu et al. 2007b). The linear 
RDI was used in the study by Kurinobu (2007b) to determine the maximum number 
of trees in a stand.  
 
For the estimation of total volume over bark (V) for individual trees a volume 
equation developed for plantations of Paraserianthes falcataria in East Java was 
selected (Kurinobu et al. 2007b): 
 
Log V = - 4.294 + 1.838 x Log (DBH) + 1.109 x Log(H )   (12)  
 
where DBH is tree diameter at breast height and H is tree height. 
 
Finally the most detailed information available on Paraserianthes falcataria wood 
prices  on  the  local  markets,  provided  by  APL  in  Banjar,  was  chosen  to  give  
evaluation on the income generation potential of simulated management scenarios 
(Figure 6). It must be noted that based on these coarse price evaluations only 
estimated gross income for selling the wood could be calculated. In addition, these 
prices might not be the income generated directly to the farmer. Instead, in many 
cases the industries pay these same prices for the intermediaries (middlemen) who 
often take responsibility on the costs generated from harvesting and transportation 
of the logs to processing facilities, as discussed in Nawir et al. (2007b).  
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Figure 6. Prices for Paraserianthes falcataria wood logs in different diameter 
classes in 1000 rupiahs per cubic meter (1000 IDR m-3) (APL, Banjar).  
 
 
In addition, harvesting and felling costs were included in order to further evaluate 
income generation from P. falcataria plantations. For this, management cost 
information gathered on community forestry plantations in East Java by Warsito et 
al. (2005) was used to give an approximate of the expenses facing the smallholder 
plantation managers in Ciamis. The average prices that include the inflation 
between 2005 and 2009 used for estimating the management costs are for felling: 
29 624 rupiahs for m3 of wood removed, and for final cut: 79 392 rupiahs for m3 of 
wood removed. 
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3.5.3. Simulation of management scenarios 
The development of management scenarios was based on three different 
management objectives: (1) low initial stand density with low intensity stand 
management, (2) high initial stand density with medium intensity of intervention, 
(3) high initial stand density, strong intensity of silvicultural interventions, repeated 
more than once. 
 
The decision-making in simulation of management regimes was based on two 
factors: reasonable limitation of competition and potential attained annual revenue 
at the end of the rotation. Based on these two factors different initial planting 
densities, rotation lengths, thinning timings and thinning intensities were modelled 
on three different site classes. 
 
For controlling the competition in the stand: (1) maximum basal area before 
thinning was not allowed to reach above 29 m2 ha-1, which corresponds to upper 
limits of competition as expressed by CF (Equation 10), (2) the RDI value (Equation 
11)  was  not  allowed  to  reach  index  value  above  577,  which  corresponds  a  zone  
where high competition and mortality of P. falcataria trees occur,  and (3)  in  each 
thinning  at  least  10  m2 ha-1 should be removed for the intervention to have 
controlling effect over competition for more than one year.  
 
For achievement of profitable annual income: (1) the tree diameter at thinnings 
should meet the requirements of local APL industry buying the wood, preferably so 
that in sequential thinnings the next (more profitable) price class would be met (see 
Figure 6), (2) each thinning or final harvest should yield a minimum of 100 m3 ha-1 
and (3) at least 180 trees per hectare should be left standing after thinnings in order 
to avoid inadequate residual stand density for commercial production. 
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4. RESULTS 
4.1. General results on farms 
In total 106 plots of approximately 20 trees per each plot were measured. 
Altogether 2526 trees were measured out of which 2281 Paraserianthes falcataria 
trees. A plot was considered as single species stand if more than 80 % of the trees 
were P. falcataria. Altogether 80 stands (75 %) measured for this study were 
considered pure single species plantations, when the most commonly planted 
industrial tree species with P. falcataria was mahogany (Swietenia macrophylla) 
occurring on 9 measured plots with altogether 46 mahogany trees irregularly 
planted among falcataria trees. Second most popular tree mixed with P. falcataria 
was “tisuk” (Hibiscus macrophyllus) and third most popular tree was teak (Tectona 
grandis). Other planted species included banana (Musa spp.),  cacao  (Theobroma 
cacao), rubber (Hevea brasiliensis), “afrika” (Maesopsis eminii) and fruit trees such 
as papaya (Carica papaya), durian (Durio zibethinus),  mango  (Mangifera sp.), 
“cengkeh” (Syzygium aromaticum), “rambutan” (Nephelium lappaceum), coconut 
(Cocos nucifera) and jackfruit, locally known as “nangka”, (Artocarpus heterophylla) 
among several other agricultural herbs and crops all fewer in numbers in measured 
plots. 
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4.2. The silvicultural status of the smallholder plantations 
Based on visual observation of the plantations 37 stands out of 106 measured 
stands (representing 31 % of the total measured stands) were considered to have 
“good silvicultural quality”. These plantations were well maintained, trees were 
without visible damages, and thus the plantations could be considered to have good 
quality  in  terms  of  silvicultural  status.  Only  5  plantations  out  of  106  (5  %)  were  
considered to have bad overall quality: the immediate survival of the trees was 
found doubtful due to damages caused by too dense spacing (1 stand), attack by 
small bagworm Pteroma plagiophleps (3  stands)  or  loss  in  productivity  by  fungal  
disease Uromycladium tepperianum (1  stand).  The  infection  of  small  bagworm  
Pteroma plagiophleps insect had left the three stands almost completely leafless 
and thus the future productivity of these stands is very doubtful. It must be noted, 
that as one of the purposes of this study was to develop growth scenarios for the 
species, the plantations in the worst condition were not included in the 
development of growth models as the condition of these stands had already 
decreased dramatically, to the extent that the trees were soon to be dead. The true 
number of plantations with bad silvicultural condition would be even bigger if the 
sampling for this study would have been systematic on areas where the plantations 
were found. 
 
Most of the plantations measured were of medium silvicultural condition, meaning 
that the current overall condition of the plantations was considered acceptable 
without major visible damages on trees, but some problems are probable to come 
up in the future in terms of loss in stand productivity if silvicultural management 
interventions are not carried on time. Altogether 63 plots representing 59.4 % of 
total measured plots were considered of medium silvicultural condition. In these 
plots  the  factors  reducing  the  quality  from  good  quality  class  were  most  often  
mechanical injury, weeds and in some cases infection by fungal disease 
Uromycladium tepperianum, locally  known  as  karat puru.  As  discussed  earlier  (in  
section 2.2.4.) this disease causes losses in tree growth by destroying living leaves 
and it may eventually result in death of individual trees, especially seedlings (Pusat 
Informasi Kehutanan 2009, Rahuyu et al. 2010). The infection of trees by this 
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disease has been associated with too densely cultivated stands - large number of 
trees at a small area might further favor the infection to neighboring trees, when 
the consequences for the future development of the stands is doubtful (Rahuyu et 
al. 2010). 
 
In Philippines, according to Anino, it is not recommended to plant Paraserianthes 
falcataria on elevations above 250 meters of sea level, as in the higher elevations 
the infection of Uromycladium tepperianum has been reported more severe than 
on lower altitudes (Anino 1997). In Ciamis the stands most heavily infected by 
Uromycladium tepperianum were on elevations between 267 to 575 meters above 
sea level when the average elevation of all measured stands was 220 meters above 
sea level. Without taking into account occasional individual trees infected by karat 
puru the stands on lower than 220 meter elevations were considered healthy 
without defects causing decrease on overall condition. One stand was infected by 
karat puru at only 25 meters above sea level, but cause for infection might be very 
high stocking density (3333 trees ha-1) and the poor silvicultural condition of the 
plantation. The distribution of infected and healthy stands in different elevations is 
presented in Figure 7(next page). 
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Figure 7.  The distribution of measured healthy and infected plots by 
 Uromycladium tepperianum   in different elevations  
 
 
In the future the observed high stocking densities of the stands might cause 
additional problems for the stand development and condition. The mean stand 
density of the measured plots was high, 2300 trees ha-1, with variation from 100 to 
6100 trees per hectare as seen in the Figure 8. 
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Figure 8. Distribution of stand densities in measured smallholder plantations 
 
The dense stocking of trees in measured stands had also influence on the diameter 
distribution of the measured trees. The stands with wide spacings had generally 
smaller diameter trees on them as seen in Figure 9, which presents the distribution 
of diameter at different stand densities (Figure 9). This diameter loss with too dense 
stockings will eventually lead to decreasing earned income for the smallholder 
when compared to wider stand densities where the trees would have the possibility 
to grow to their market dimensions under less competition for resources. The 
diameter distribution of measured trees and the corresponding stand densities 
were also plotted together with the size-density-line from a study of Kurinobu and 
others where Paraserianthes falcataria stands were studied in East Java (Kurinobu 
et  al.  2007b).  As  seen  in  the  Figure  10  (next  page)  the  data  collected  in  the  
smallholder plantations seems to settle close and even over the maximum size-
density  line  of  Kurinobu  et  al.  This  would  indicate  that  most  of  the  smallholder  
plantations studied would be experiencing self-thinning as the maximum site 
occupancy defined by Kurinobu et al is met or even exceeded.  
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Figure 9. Diameter distribution of measured trees with stand density 
 
 
Figure 10.  Log-log relationship between number of trees (N) and tree diameter  
 (DBH). The solid line is the maximum size-density line calculated by 
 Kurinobu et al. (2007) (log N = -1.759 Log BDH +5.214). 
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In addition to overall silvicultural stand quality the quality of individual stems was 
observed  in  three  groups  of  (1)  good,  (2)  medium  and  (3)  poor  stem  quality,  
regarding high value use (i.e. sawn wood). Most of the individual measured trees 
had no significant irregularities or defects, thus 50 % of the measured trees were 
found  to  have  “good  quality”  stems.  41  %  of  trees  were  in  medium  stem  quality  
class, trees had only some defects but mostly the stem was usable as sawn wood. 
The poor stem quality was found only on approximately 10 % of the measured trees 
(210 individuals) and mostly these trees were found in Uromycladium tepperianum 
disease or Pteroma plagiophleps infected stands where the tree growth had been 
hindered. 
 
In the case of medium or poor stem quality the defects in quality were most often 
due to mechanical injury caused by other trees, altogether 78 % of all stem injuries 
were found to be mechanical injuries. This reduction in stem quality was observed 
by number of broken, dead or twisted tops and curved or branched stem forms of 
individual  trees.  Usually  the  mechanical  injury  took  place  in  a  dense  stands  with  
high competition of light or on stand located on hills, where wind damage seemed 
to be the major force behing mechanical injury. The second most usual cause of 
defect in stem quality were the scars and broken or dead tree tops caused by 
infection by Uromycladium tepperianum. Also small bagworm (Pteroma 
plagiophleps), weeds (such as climbers) and coppicing were found to reduce the 
stem quality.   
 
Also  the  overall  condition  of  all  measured  trees  inside  a  stand  was  classified  into  
three categories with respect to viability and growth potential: (1) dominant; tree 
within the upper crown layer and superior to the immediate neighbours, (2) 
suppressed; tree within the lower crown layer that receives less light, smaller than 
the immediate neighbours and (3) co-dominant, all trees that are not in group (1) or 
(2). Most of the trees, 59 %, were found to be dominant trees with relatively good 
access to light. As a strongly light demanding species most  of  the  stems  in  upper  
crown layer were found to have straight stems without great visible defects. On the 
other hand, some of the co-dominant (25 % of the trees) and most of suppressed 
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trees (16 %) were usually in bad condition as the shading had already reduced the 
viability of suppressed trees. Through silvicultural management the injured 
suppressed and co-dominant trees should be removed in order to relocate reources 
for the use of dominant and healthy co-dominant trees. This would improve the 
growth preformance of indivudual trees and the condition of the plantation as 
awhole and result in better earnings for the farmer. 
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4.3. Site quality estimation models 
 
The  growth  models  for  total  tree  height  and  diameter  at  breast  height  based  on  
non-linear fitted curve of Chapman-Richard function are: 
 
Height prediction for high- quality site:  
 
H = 42.58(1 – exp (–0.052*A)) 0.4    (13) 
(R2 = 0.878) 
 
where H is the mean tree height and A is tree age. 
 
Diameter prediction for high-quality site: 
 
DBH = 82.039(1– exp (–0.061*A)) 0.859   (14) 
(R2 = 0.894) 
 
where DBH is the mean tree height and A is tree age. 
 
These equations (13) and (14) represent the tree height and diameter growth on 
best site quality with 100 % of the growth potential. Altogether three height and 
diameter growth curves were developed to represent growth in three different 
productivity  sites:  Site  class  1  (100  %  of  the  growth  potential),  Site  2  (80%  of  the  
potential) and Site 3 (60% of the potential). The generated growth curves for DBH 
and total H growth are shown in Figure 10 and Figure 11. 
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Figure 11.  Fitted curve for the relationship between age and total tree height 
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Figure 12. Fitted curve for the relationship between age and diameter at breast 
height  
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4.4. Silvicultural management scenarios for Paraserianthes 
falcataria 
 
The management scenarios were developed for three different site quality classes 
high, medium and low (ie. S1, S2 and S3) with three different management 
objectives:  (1)  low  initial  stand  density  with  low  intensity  stand  management,  (2)  
high initial stand density with medium intensity of intervention and (3) high initial 
stand density, strong intensity of silvicultural interventions, repeated more than 
once. 
 
The management simulations were conducted by following the rules-of thumbs 
developed earlier in Chapter 3.5.2. The decisions were based on reasonable 
limitation of competition during the rotation and potential attained annual revenue 
at the end of the rotation. Based on these two factors different initial planting 
densities, rotation lengths, thinning timings and thinning intensities were modelled 
on three different site classes. 
 
At first, a scenario without thinning was developed for studying the effect of density 
on mortality of the trees with age. The development of stands on each site was then 
simulated under different initial stand densities of 1667 trees ha-1 (2 m x 3 m), 1111 
trees ha-1 (3 m x 3 m) and 625 trees ha-1 (4 m x 4 m) with rotation ages of 12, 8, 6 
and 4 years and with thinnings at intensities between 20 to 60 %. The number of 
thinnings simulated in a rotation was from zero to four. The combinations of site 
quality, rotation age, planting density and thinning interventions were all simulated 
separately, resulting in different silvicultural management options on each 
production site.   
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The simulations were started by simulating the stand development under 12 year 
rotation to study the growth of stands to the age of the oldest trees measured for 
this study. As the oldest trees measured for this study were reported to be 12 years 
old it was reasonable not to simulate growth above this age. The 12-year-rotation 
simulations for high- and medium-quality sites can be seen in Table 5 (page 58) and 
for low-quality site in Table 6 (page 59). 
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Table 5.  Management scenarios for high-quality site (S1) for a rotation of 12 years on planting densities of 3 x 3 meters  (1111 
trees ha -1) and 4 x 4 meters (625 trees ha-1) and for medium-quality site (S3) on planting densities 3 x 2 meters (1667 
trees ha -1),  3 x 3 meters  (1111 trees ha -1) and 4 x 4 meters (625 trees ha-1) 
Site Scenario Age 
Thinning 
number 
 
N 
Thinning 
intensity H DBH 
Remaining 
BA 
Removed 
BA 
Remaining 
vol 
Removed 
vol 
Accumulated 
vol 
Income 
(1000 IDR 
  (years)  (N ha
-1) (%) (m) (cm) (m2 ha-1) (m2 ha-1) (m3 ha-1) (m3 ha-1) (m3 ha-1) ha-1 a-1) 
S1 
 
3 x 3 
 
3 1 500 55 19.6 16.3 12.2 15.0 116.8 142.8 142.8  
5 2 250 50 23.6 23.6 13.3 13.3 140.9 140.9 283.7  
7 3 137 45 26.5 30.1 11.8 9.6 138.2 113.1 384.3  
9 4 89 35 28.7 35.9 11.7 5.8 136.1 73.3 464.0  
12 Final cut 0 100 31.3 43.6 0 15.3 0 211.0 693.3 37 821 
4 x 4 
4 1 281 55 21.8 21.2 10.7 13.1 119.3 145.8 145.8  
8 2 169 40 27.7 33.5 17.39 11.6 216.8 144.5 290.3  
12 Final cut 0 100 31.3 42.2 0 28.9 0 380.4 670.8 39 970 
S2 
3 x 2 
3 1 666 60 15.7 13.2 10.4 15.6 82.4 123.7 123.7  
5 2 333 50 18.9 19.4 11.3 11.3 102.6 107.7 226.4  
9 3 200 40 23.0 29.0 15.3 10.2 159.7 106.5 332.9  
12 Final cut 0 100 25.1 34.6 0 21.9 0 243.6 576.6 31 396 
3 x 3 
3 1 833 50 15.7 13.2 13.0 13.0 103.1 103.1 103.1  
5 2 500 40 18.9 18.7 17.0 11.3 144.3 96.5 199.3  
7 3 250 30 21.2 23.4 13.7 13.7 123.4 123.4 322.8  
12 Final cut 0 100 25.1 33.1 0 27.4 0 280.4 603.2 31 296 
 6 1 625 50 20.1 22.5 13.8 13.8 135.4 135.5 135.5  
4 x 4 10 2 313 35 23.7 31.0 17.8 9.6 190.9 102.8 238.3  
 12 Final cut 0 100 25.1 34.6 0 22.2 0 247.3 485.6 28 738 
 59 
 
 
 
 
Table 6. Management scenarios for low-quality site (S3) for rotation of 12 years on planting densities of  3 x 2 meters (1666 
trees ha -1),  3 x 3 meters (1111 trees ha -1) and 4 x 4 meters (625 trees ha-1) 
 
Site Scenario Age 
Thinning 
number N 
Thinning 
intensity H DBH 
Remaining 
BA 
Removed 
BA 
Remaining 
vol 
Removed 
vol 
Accumulated 
vol 
Income 
(1000 IDR 
  (years)  (N ha
-1) (%) (m) (cm) (m2 ha-1) (m2 ha-1) (m3 ha-1) (m3 ha-1) (m3 ha-1) ha-1 a-1) 
S3 
12 years 
3 x 2 
4 1 666 60 13.1 12.8 9.1 13.7 63.3 94.9 94.9  
9 2 367 45 17.2 21.9 15.8 12.9 127.2 104.0 199.0  
12 Final cut 0 100 18.8 26.1 0.0 22.6 0.0 193.1 392.1 20 112 
12 years 
3 x 3 
6 1 556 50 15.1 16.9 13.8 13.8 103.1 103.1 103.1  
10 2 306 45 17.8 23.3 15.12 12.3 123.0 100.6 203.8  
12 Final cut 0 100 18.8 26.0 0.0 18.8 0.0 160.5 364.3 18 430 
12 years 
4 x 4 
9 1 344 45 17.2 22.5 14.8 12.1 125.5 102.7 102.7  
12 Final cut 0 100 18.8 26.8 0.0 21.2 0.0 189.9 292.7 16 141 
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On the best productivity site (S1) the rotation of 12 years seems quite unreasonable 
at least on the denser initial planting density of 3 x 3 meters (1111 trees ha-1) (Table 
5). With initial density of 1111 trees ha-1 (initial  planting  spacing  3   x  3  m)  four  
thinnings should be carried out and after the last 4th thinning the number of 
remnant trees would be inadequate to sustain commercial plantation for the end of 
the rotation as on the last thinning only 89 trees ha-1 would remain for final cut. In 
addition the extracted volume at the 4th thinning would remain only at 73.3 m3 ha-1 
which would not meet the initial target of extracted volume in each thinning (100 
m3 ha-1). Also the initial goal for removed basal area in each thinning (10 m2 ha-1) 
could not be followed as the last two thinnings at ages 7 and 9 years would have 
only 9.6 and 5.8 m2 ha-1 removed, respectively. 
 
On best quality site with initial density of 625 trees per hectare (initial planting 
spacing 4 x 4 m) two thinnings should take place at intensities of 55 % and 40 % of 
the standing trees removed at ages of 4 and 8 years. At the end of the rotation this 
scenario would result in trees with height of 31.3 meters and diameter of 42.2 
centimeters, total harvested volume of 670.8 m3 ha-1 and annual income of 
39 970 000 IDR ha-1 year -1. Thus, 12-year-rotation seems suitable on high quality 
sites on sparse initial density of 625 trees ha-1 with two thinnings. It must be noted 
that this scenario produces wood with diameter above the requirements by 
industry on the last few years of the rotation. The  maximum price acquired from 
selling the wood is achieved already when trees to be sold attain the diameter of 30 
centimeters, at high-quality site already at age of 6 to 7 years.  
 
On the medium quality site (S2) with rotation of 12 years the highest accumulated 
volume of 603.2 m3 ha-1 is attained with initial planting density of 3 x 3 meters (1111 
trees ha-1) and with thinnings at ages 3, 5 and 7 years. The highest annual income of 
31 396 000 IDR ha-1 year -1 is  achieved  with  planting  density  of  3  x  2  meters  (1666  
trees ha-1) where the total accumulated volume is 576.6 m3 ha-1 with three thinning 
at ages 3, 5 and 9 years. Like in the case of high-quality site both of these scenarios 
on medium-quality site produce tree diameter above the requirements from 
industry, 33.1 and 34.6 centimetres at the end of the rotation, respectively. As seen 
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that both on high- and medium quality sites the diameter attained at the end of the 
rotation  can  reach  above  the  requirements  by  the  industry  it  will  be  later  on  
discussed whether shorter rotation could be applied on better quality sites.  
On the low-quality site (S3) the scenario that produces both the highest 
accumulated volume, 392.1 m3 ha-1, and highest annual income, 20 112 000 IDR ha-1 
year -1, is the scenario on initial planting density of 3 x 2 meters (1666 trees ha-1) 
with two thinnings at ages of 4 and 9 years at intensities of removing 60 and 45 % of 
the standing trees. This scenario produces trees with diameter of 26.1 centimeters 
and height of 18.8 meters. 
 
The low-quality sites produce naturally smaller diameter trees when compared to 
better  sites  on  the  same  rotation  age:  the  maximum  simulated  diameter  on  low-
quality sites would be 26.8 centimeters attained on planting density of 4 x 4 meters 
(625  trees  ha-1)  with  one  thinning  removing  344  trees  ha-1 with a a basal area of 
12.1 m2 ha-1and volume of 102.7 m3 ha-1at the age of 9 years.  
 
As discussed already in the section of plantation management of P. falcataria, 12 
year old rotation is fairly long when compared to recommendations from different 
sources (See Chapter 2.2.5). Knowing this and that the scenarios simulated on 
medium- and high quality sites on 12-year rotation produced trees with diameters 
above the requirements from industry the 12 year-rotation was first compared with 
shorter rotation of 8 years on medium-quality site (Table 7, next page). 
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Table 7.  Comparision of 12 - and 8-year-rotation on medium-quality site (S2) with 
two different planting densities of 3 x 2 meters (1667 trees ha-1) and 4 x 4 
meters (625 trees ha-1) 
 
Site Scenario Age 
Thinning 
number DBH 
Removed 
vol 
Accumulated 
vol 
Income 
(1000 IDR 
  (years)  (cm) (m
3 ha-1) (m3 ha-1) ha-1 a-1) 
S2 
  
 
12 years 
3 x 2 
3 1 13.2 123.7 123.7  
5 2 19.4 107.7 226.4  
9 3 29.0 106.5 332.9  
12 Final cut 34.6 243.6 527.6 31 396 
12 years 
4 x 4 
6 1 22.5 135.5 135.5  
10 2 31.0 102.8 238.3  
12 Final cut 34.6 247.3 485.6 28 738 
8 years 
3 x 2 
3 1 13.2 113.4 113.4  
5 2 19.1 112.6 226.0  
8 Final cut 26.6 245.0 471.1 36 293 
8 years 
4 x 4 
6 1 22.5 108.4 108.4  
8 Final cut 27.1 254.5 362.8 30 073 
 
On medium site quality (S2) the rotation of 12 years proved to be less profitable 
when compared with shorter rotation of 8 years in terms of gained annual income 
per  hectare  at  the  end  of  the  rotation  (Table  7).  On  medium-quality  site  the  
simulated management scenarios produced higher annual income per hectare at 
rotation age of  8 years  with both simulated initial  densities  of  1667 (3 x  2 m) and 
625 (4 x 4 m) trees ha-1 when compared to rotation of 12 years.  
 
With shorter rotation of 8 years and with dense initial spacing of 3 m x 2 m (1667 
trees ha-1) the income at the final cutting would be 36 293 000 rupiahs ha-1 year-1, 
when at the same initial density but with longer rotation of 12 years the income 
would be only 31 396 000 rupiahs ha-1 year-1.  With more sparse initial planting 
density of 4 m by 4 m (625 trees ha-1) the 8-year-rotation produces annual income 
of 30 073 000 rupiahs ha-1 year-1. Again, on the 12-year-rotation the annual income 
would be less – only 28 738 000 rupiahs ha-1 year-1.  
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The 8-year-rotation seems to suit better for growing trees faster to meet the 
diameter requirements from industry. Both of the 12-year-rotations produce more 
total  accumulated  volume  at  the  end  of  rotation,  but  the  last  2  to  4  years  of  the  
stand development do not actually produce additional revenue for the farmer as 
the maximum price acquired from selling the wood is achieved already when the 
trees to be sold attain the diameter of 30 centimetres, already at the age of 9 to 10 
years. 
 
After the promising results on 8-year-rotation on medium quality sites management 
scenarios were developed with shorter rotation of 8 years for all site qualities with 
different planting densities in order to further compare the shorter rotations with 
longer ones. In addition to the preliminary planting densities, a wider planting 
spacing of 6 x 6 meters (277 trees ha-1) was simulated for the best quality site (Table 
8).  
 
In these management scenarios for all site qualities with rotation age of 8 years at 
initial spacings of 1666 (3 m x 2 m), 1111 (3 m x 3 m),  625 trees ha-1 (4 m x 4 m) and 
for high- quality also with initial spacings of 277 trees ha-1 (6 x 6 meters) the number 
of trees for final cut varied from 240 to 667 trees ha-1 at the end of rotation, with 
mean  diameter  of  20.7  –  34.3  centimetres  and  mean  total  height  of  16.6  –  27.7  
meters. The mean annual increment of volume (MAIvol) at the end of the rotation 
varied from 24.9 to 47.3 m3 ha-1 year -1 accumulating a total volume at the end of 
rotation varying from 265.6 to 638.6 m3 ha-1. The summary of the scenarios for each 
site quality on 8-year-rotation on different initial planting densities is presented in 
Table 8.  
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Table 8. Management scenarios on 8-year-rotation for all site qualities (S1, S2 and S3) with different planting densities.  
Site Scenario Age 
Thinning 
number N 
Thinning 
intensity H DBH 
Remaining 
BA 
Removed 
BA 
Remaining 
vol 
Removed 
vol 
Accumulated 
vol 
Income 
(1000 IDR 
 8 years (years)  (N ha-1) (%) (m) (cm) (m2 ha-1) (m2 ha-1) (m3 ha-1) (m3 ha-1) (m3 ha-1) ha-1 a-1) 
S1 
3 x 2 
2 1 666 60 16.9 12.2 8.5 12.8 77.2 115.8 115.8  
4 2 400 40 21.8 20.5 15.2 10.1 159.7 106.4 222.3  
6 3 240 40 25.1 26.9 16.3 11.0 184.6 123.0 345.4  
8 Final cut 0 100 27.7 32.6 0.0 24.7 0.0 293.1 638.6 52 897 
3 x 3 
3 1 500 55 19.6 16.3 12.2 14.9 116.8 142.8 142.8  
5 2 275 45 23.6 23.6 14.6 11.9 155.0 126.8 269.6  
8 Final cut 0 100 27.7 32.2 0.0 28.3 0.0 328.0 597.7 48 178 
4 x 4 4 1 281 55 21.8 21.2 10.7 13.1 119.3 145.8 145.8  
8 Final cut 0 100 27.7 33.5 0.0 32.2 0.0 361.3 507.2 44 316 
6 x 6 8 Final cut 0 100 27.7 34.3 0.0 28.5 0.0 371.6 371.6 33 475 
S2 
3 x 2 
3 1 666 60 15.7 13.2 11.7 14.3 92.8 113.4 113.4  
5 2 333 50 18.9 19.1 12.7 12.7 112.6 112.6 226.4  
8 Final cut 0 100 22.1 27.1 0.0 24.7 0.0 245.0 471.1 36 293 
3 x 3 
4 1 556 50 17.4 16.5 13.5 13.5 131.4 131.4 131.4  
6 2 333 40 20.1 22.0 14.7 9.9 159.7 237.9 237.9  
8 Final cut 0 100 22.1 26.8 0.0 100 0.0 493.7 493.7 37 758 
4 x 4 6 1 375 40 20.1 22.5 16.6 11.1 162.6 108.4 108.4  
8 Final cut 0 100 22.1 27.1 0.0 24.7 0.0 254.5 362.8 30 073 
S3 
3 x 2 4 1 666 60 13.1 12.8 9.1 13.7 63.3 94.9 94.9  
8 Final cut 0 100 16.6 20.7 0.0 24.7 0.0 199.7 294.7 20 459  
3 x 3 5 1 667 40 14.2 15.2 12.8 8.5 95.6 63.7 63.7  
8 Final cut 0 100 16.6 20.8 0.0 24.7 0.0 201.9 265.6 18 783 
4 x 4 8 Final cut 0 100 16.6 21.2 0.0 23.1 0.0 205.4 205.4 17 336 
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The 8-year–rotation on high-quality site produces remarkable results in terms of 
simulated annual income and accumulated volume at the end of the rotation. If the 
plantation manager is ready and financially capable of conducting several thinnings 
on plantation the scenario with initial planting intensity of 3 x 2 meters (1666 trees 
ha-1) with three thinnings on intensities of 60, 40 and 40 % at ages of 2, 4 and 6 
years would result in final harvest of 240 trees ha-1 with a mean DBH of 32.6 
centimeters and total height of 27.7 m. In total stand volume this scenario would 
yield 293.1 m3 ha-1 and accumulated volume (including thinnings) of 638.6 m3 ha-1 
which would result in annual income  of 52 897 000 IDR ha-1 year-1. These results are 
much promising than on the 12-year-rotation where the highest accumulated 
volume was 693.3 m3ha-1 resulting in annual income of 37 821 000 IDR ha-1 year-1. 
Again,  the  diameter  attained  at  the  end  of  the  rotation  is  slightly  over  the  
requirements by industry. 
 
For  a  manager that  does not want to conduct thinnings a rotation of  8 years  with 
initial spacing of 6 x 6 meters (277 trees ha-1) on high-quality site without thinnings 
would seem the most appropriate. In this scenario the final harvest would be 277 
trees ha-1 with a mean DBH of 34.3 centimeters and total height of 27.7 meters. This 
would yield a total accumulated volume of 371.6 m3 ha-1 resulting in income of 
33 475 000 rupiahs ha-1 year-1. One advantage of this scenario is that it does not 
require any silvicultural intervention during the 8-year-rotation as the trees growth 
vigour would last until the end of the rotation due to the wide initial spacing that 
hinders the competition. Consequantly, there would be no reductions in income 
caused by thinnings. It must be also noted that at the end of the rotation this 
scenario produces diameter above the diameter class desired by industry. 
 
Also  for  the  low-quality  site  the  8-year-rotation  seems  suitable.  When  compared  
with the longer rotation of 12 years the 8-year-rotation produces higer annual 
income with every management scenario. The highest volume and annual income is 
attained  at  the  initial  planting  density  of  3  x  2  meters  (1666  trees  ha-1)  with  one  
thinning at age of 4 when as much as 60 % of the trees are removed, 13.7 m2 ha-1 in 
basal area and 94.9 m3 ha-1in volume. 
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It must be noted that the initial goal for removed volume in thinnings (100 m3ha -1) 
could not be followed on low-quality sites. 
 
For further comparision, scenarios with even shorter rotations were simulated. 
Rotation of 6 years site was simulated with different planting densities as the 
results from the 8-year-rotation simulations already gave support for this. In 
addition, 6-year rotation has already been suggested by industrial wood processing 
company Kutai Timber Indonesia in East Java (Nemoto 2002). Also a scenario with 
rotation of only 4 years and no thinnings on dense initial spacings of 3 x 2 m, was 
simulated for all sites in order to test the management scenario suggested by some 
of the smallholder farmers in Ciamis and Makmur Maju Pallet Industry in 
Tasikmalaya (Thepradjaja, E. 2009 personal communication). It was noticed that for 
medium- and best quality sites this initial planting density with no thinnings was 
found to cause mortality of the trees already at the age of 3. So instead of strictly 
following  the  local  example  simulations  with  same  initial  spacings  (3  x  2  meters)  
were conducted with one thinning on medium- and high-quality sites. Also with 
wider planting density of 4 by 4 meters (625 trees ha-1) was simulated with 4-year-
rotation for high-quality site. The simulation results of these scenarios are 
presented in Table 8 
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Table 9.   Management scenarios and annual income on 6 year-rotation for high-quality site (S1) with initial planting densities of  
 3 x 3 meters ( 1111 trees ha-1), 4 x 4 meters (625 trees ha-1) and 6 x 6 meters ( 277 trees ha-1) and on medium-quality 
 (S2) and poor quality (S3) sites with planting densities of 3 x 3 meters ( 1111 trees ha-1) and 3 x 2 meters (1666 trees 
 ha-1) with rotation ages of 4 and 6 years. 
Site Scenario Age 
Thinning 
number 
No of 
trees 
Thinning 
intensity H DBH 
Remaining 
BA 
Removed 
BA 
Remaining 
vol 
Removed 
vol 
Accumulated 
vol Income 
  
(years)  (N ha-1) (%) (m) (cm) (m2 ha-1) (m2 ha-1) (m3 ha-1) (m3 ha-1) (m3 ha-1) (1000 IDR  
ha-1 a-1 ) 
S1 
6 years 
3 x 3 
3 1 444 60 19.6 16.3 10.9 16.3 103.9 155.8 155.8  
6 Final cut 0 100 25.1 26.1 0.0 30.8 0.0 324.5 480.2 48 481 
6 years 4 1 375 40 19.6 21.2 14.3 9.5 141.6 123.5 123.5  
 4 x 4 6 Final cut 0 100 25.1 27.9 0 25.9 0.0 308.1 431.7 47 733 
6 years 
6 x 6 6 Final cut 0 100 25.1 29.2 0 19.2 0.0 247.8 247.8 29 117 
4 years 
3 x 2 
2 1 1666 55 16.9 12.2 9.6 11.7 86.9 106.2 106.2  
4 Final cut 0 100 21.8 19.9 0 28.6 0.0 283.9 390.1 54 770 
4 years 
4 x 4 4 Final cut 0 100 21.8 21.2 0 23.8 0.0 265.1 265.1 39 486 
S2 
 
6 years 
3 x 3 
4 1 611 45 17.4 16.5 0.0 12.2 128.6 105.2 105.2  
6 Final cut 0 100 20.1 21.7 0.0 27.1 0.0 248.7 353.9 32 938 
4 years 
3 x 2 
3 1 833 50 15.7 13.2 13.05 13.0 103.1 103.1 103.1  
4 Final cut 0 100 17.4 16.4 0.0 20.3 0.0 173.2 276.4 30 348 
S3 
6 years 
3 x 3 6 Final cut 0 100 15.1 16.9 0.0 27.7 0.0 206.3 206.3 14 464 
4 years 
3 x 2 4 Final cut 0 100 13.1 12.8 0.0 22.9 0.0 158.3 158.3 16 646 
It  seems reasonable to implement shorter  rotations on P. falcataria plantations at 
least on high-quality sites (S1). For the first management objective of (1) low initial 
density and low intensity stand management the  best  option  seems  to  be  the  
simulated 4-year-rotation with initial planting density of 4 x 4 meters (625 trees ha-
1). This scenario produces trees with mean diameter of 21.1 cm and total height of 
21.8 meters and total accumulated volume of 265.1 m3 ha2   at the end of the 
rotation  age  of  4  years.  The  annual  income  per  hectare  from  this  scenario  would  
reach  39 486 000 IDR ha-1 year-1 which is more than at the 8-year rotation with the 
same production objective, where the annual income remains at 33 475 000 rupias 
ha-1 year-1. As discussed before, one advantage of this scenario is that it does not 
require any thinnings and therefore there would be no reductions in revenue 
caused by thinning costs.  
 
It seems to be reasonable to implement shorter rotations also when the production 
objective is to produce timber for industry demand with medium intervention.  A 
rotation of 6 years on high-quality site with initial planting density of 3 x 3 meters 
(1111 trees ha-1) and one thinning at intensity of 60 % produces at the end of the 
rotation trees with mean diameters of 26.1 cm and heights of 25.1 meters. In final 
cut the harvested volume would be 324.5 m3 ha-1 and total accumulated volume 
480.2 m3 ha-1 resulting in annual income of 48 481 000 rupiahs ha-2 year -1. The 8 
year rotation on the high-quality site with same spacing of 3 x 3 m (1111 trees ha-1) 
resulted  in  the  total  accumulated  volume  of  597.7  m3 ha-1 and annual income of 
48 178 000 IDR ha-1 year-1 with two conducted thinnings. Thus, the rotation of 6 
years with only one thinning would seem more profitable on high-quality sites when 
compared to longer rotation of 8 years.  
 
On medium-quality site (S2) with initial spacing of 3 x 3 meters (1111 trees ha-1) and 
6-year-rotation the management scenario would include a thinning at intensity of 
45 % resulting in total accumulated volume of 353.9 m3 ha -1 and annual income of 
32 938 000 IDR ha-1 year-1 at the end of the rotation. The corresponding figures on 
8-year rotation with same initial planting density are: accumulated volume of 493.7 
m3 ha -1 and  annual  income  of  37  758  000  IDR  ha2year -1. So being, on medium-
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quality site the longer rotation of 8 years seems more profitable than the shorter 
rotation of 6 years. 
 
On low-quality site (S3) the situation is similar: the longer rotation produces both 
higher annual income and accumulated volume. On 6-year rotation with initial 
spacing of 3 x 3 meters (1111 trees ha-1) no thinning would take place and the final 
cut would be of 206.3 m3 ha -1 providing an annual  income of  14 464 000 IDR ha2 
year -1. On the 8-year rotation with same initial planting density one thinning would 
take place and the final cut would have standing volume of 201.9 m3 ha -1 and total 
accumulated volume of 265.6 m3 ha -1 providing an annual income of 18 783 000 IDR 
ha2 year -1. 
 
The 4-year-rotation with initial planting density of  3 x 2 meters (1666 trees ha-1) 
without  thinnings,  as  suggested  by  some  of  the  local  smallholder  farmers  and  
Makmur  Paju  Pallet  Industry  in  Tasikmalaya,  seems  to  be  suited  only  on  low-
productivity sites when the production objective is to produce smaller diameter 
wood for the pulp or blockboard processing. Even on this case the accumulated 
volume at the end of the rotation would be only 158.3 m3 ha-1 accounting for 
16 646 000 IDR ha-2year -1. It must be noted that even in the medium-site quality (S2) 
the scenario with initial density of 3 by 2 meters (1666 trees ha -1) without thinnings 
was not found acceptable, as diameter at the end of the rotation remaind only at 
9.6 centimeters, total volume in 130.3 m3 ha -1, resulting in annual income of 13 704 
000 IDR ha-2 year -1. In this case the mortality of the trees in the stand would cause 
losses to the farmer. In order to release the trees from suppression that is causing 
the mortality, thinning at the age of 3 years should be conducted at least on a 
intensity of removing 40 % of the standing trees. In the Table 9 the management 
scenario presented for medium site quality on 4-year-rotation includes one thinning 
at the age of 3 years at intensity of 50 %. This would increase the diameter attained 
at the end of the rotation to 16.4 centimeters, total accumulated volume to 276.4 
m3 ha-1 and income generation to 30 348 000 IDR ha-2 year -1. 
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For the high-quality site, with initial planting density of 3 x 2 m (1666 trees ha-1) and 
with one thinning on short rotation of 4 years seems very profitable when 
compared  to  other  scenarios.  Thinning  with  a  intensity  of  removing  55  %  of  the  
trees would result in total accumulated volume of 390.10 m3 ha-1 with trees at 
diameter of 19.9 centimeters and height of 21.8. meters. This scenario would 
produce annual income of 54 770 000 IDR ha-2 year-1.  
 
4.5. Summary of recommendations for management  
Management scenarios were produced for all site qualities with different initial 
planting densities, rotation lengths and thinnings. Summary of the simulated 
management scenarios with the acculmuated volume and annual income at the end 
of the rotation age are presented in Tables 10 and 11. 
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Table 10. Summary of the accumulated volume from developed management 
 scenarios and number of thinnings included in each scenario 
 
Scenario 
Accumulated volume (m3 ha-1) at the rotation age 
and number of thinnings (in parentheses) 
 S1 S2 S3 
12 years 
3 x 2 786.4 (4) 
576.6 (3) 382.0 (2) 
12 years 
3 x 3 681.2 (4) 603.2 (3) 364.3 (2) 
12 years 
4 x 4 
670.8 (2) 485.6 (2) 189.9 (1) 
12 years 
6 x 6 
538.2 (1) 385.5 (0) 162.9 (0) 
8 years 
3 x 2 
638.6 (3) 471.1 (2) 294.7 (1) 
8 years 
3 x 3 
597.6 (2) 493.7 (2) 265.6 (1) 
8 years 
4 x 4 507.2 (1) 362.8 (1) 205.4 (0) 
8 years 
6 x 6 
371.6 (0) 206.8 (0) 89.9 (0) 
6 years 
3 x 3 
480.2 (1) 353.9 (1) 206.3 (0) 
6 years 
4 x 4 
431.7 (1) 271.0 (0) 125.5 (0) 
6 years 
6 x 6 
247.8 (0) 130.7 (0) 56.3 (0) 
4 years 
3 x 2 390.1 (1) 130.3 (0) 158.3 (0) 
4 years 
4 x 4 265.1 (0) 144.2 (0) 62.5 (0) 
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Table 11.  Summary of the income generation from developed management 
 scenarios and number of thinnings included in each scenario 
 
Scenario 
Annual income (1000 IDR ha-1 year-1) and  
number of thinnings (in parentheses) 
 S1 S2 S3 
12 years 
3 x 2 
44 655 (4) 31 396 (3) 20 112 (2) 
12 years 
3 x 3 
37 821 (4) 31 296 (3) 18 430 (2) 
12 years 
4 x 4 
39 970 (2) 28 738 (2) 16 141 (1) 
12 years 
6 x 6 
32 939 (1) 20 930 (0) 9 108 (0) 
8 years 
3 x 2 
52 897 (3) 36 711 (2) 20 459 (1) 
8 years 
3 x 3 
48 178 (2) 37 758 (2) 18 783 (1) 
8 years 
4 x 4 
44 316 (1) 30 073 (1) 17 336 (0) 
8 years 
6 x 6 
33 475 (0) 17 334 (0) 8 930 (0) 
6 years 
3 x 3 
48 481 (1) 32 938 (1) 14 464 (0) 
6 years 
4 x 4 
47 733 (1) 26 899 (0) 8 800 (0) 
6 years 
6 x 6 
27 703 (0) 12 977 (0) 3 950 (0) 
4 years 
3 x 2 
54 770 (1) 13 704 (0) 16 646 (0) 
4 years 
4 x 4 
39 486 (0) 15 171 (0) 6 580 (0) 
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Based on the simulated management scenarios the key management 
recommendations are the following for each management objective. For high-
quality site (See Figures 13 and 14 on next page for visualizations): 
1) For management objective (1) low initial density and low intensity stand 
management the most suitable management scenario that produces highest 
annual income would be a short rotation of 4 years with initial planting 
density of 4 x 4 meters (625 trees ha-1) which does not require any thinnings 
during the rotation. This scenario produces annual income of 39 486 000 
rupiahs ha-1 year-1 and no reductions caused by thinning costs.  
 
2) For management objective (2) high initial stand density with medium 
intensity of intervention the most suitable management scenario that 
produces highest annual income would be the rotation developed from the 
local example. The 4-year-rotation with initial planting density of 3 x 2 
meters (1666 trees ha-1) and with only one thinning at the intensity of 
removing 55 % of the standing trees at the age of 2 years, produces annual 
income of 54 770 000 rupiahs ha-1 year-1.  This  scenario  would  have  trees  
with  heights  of  21.8  meters  and  diameters  of  22.0  centimetres  with  stand  
volume of 283.9 m3 ha-1 at final cut and total accumulated volume of 390.1 
m3 ha-2 at the end of the rotation age of 4 years. 
 
3) For the management objective (3) high initial stand density, strong intensity 
of silvicultural interventions, repeated more than once the most suitable 
management scenario that produces highest annual income would be the 8 
year rotation on high-quality site with initial planting intensity of 3 x 2 
meters (1666 trees ha-1) and with three thinnings on intensities removing 60, 
40  and  40  %  of  the  standing  trees  at  ages  of  2,  4  and  6  years.  The  final  
harvest  at  8  years  would  be  of  240  trees  ha-1 with a mean DBH of 32.6 
centimeters and total height of 27.7 m. In total stand volume this scenario 
would  yield  293.1  m3 ha-1 and accumulated volume (including thinnings) 
would  be  of  638.6  m3 ha-1 and annual income of 52 897 000 rupiahs ha-1 
year-1. 
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Figure 13.  Basal area management scenarios on high-quality site (S1) for 
 different management objectives 1, 2 and 3   
 
 
Figure 14.  Volume management scenarios on high-quality site (S1) for different 
 management objectives 1, 2 and 3   
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For medium-quality site (S2) (See Figures 15 and 16 on next page for visualizations): 
1) For management objective (1) low initial density and low intensity stand 
management: rotation of 6 years with initial planting density of 4 x 4 meters 
(625 trees ha-1) without thinnings. This scenario produces annual income of 
26 899 000 rupiahs ha-1 year-1 with accumulated volume of 271.0 m3 ha-1 and 
no reductions caused by thinning costs.  
 
2) For management objective (2) high initial stand density with medium 
intensity of intervention: 6-year-rotation with initial planting density of 3 x 3 
meters (1111 trees ha-1), one thinning at the intensity of removing 45 % of 
the standing trees at the age of 4 years. This management scenario produces 
stand volume of 248.7 m3 ha-1 and total accumulated volume of 353.9 m3 ha-
1 at the end of the rotation age of 6 years, resulting in annual income of 
32 938 000 rupiahs ha-1 year-1.  
 
3) For the management objective (3) high initial stand density, strong intensity 
of silvicultural interventions, repeated more than once: 8-year-rotation with 
initial planting intensity of 3 x 3 meters (1111 trees ha-1)  and  with  two  
thinnings on intensities removing 50 and 40 % of the standing trees at ages 
of  4 and 6 years. The final harvest at 8 years would be of 333 trees ha-1 with 
a stand volume of 255.8 m3 ha-1 and accumulated volume of 493.7 m3 ha-1  
resulting in annual income of 37 758 000 rupiahs ha-1 year-1. 
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Figure 15. Basal area management scenarios on medium-quality site (S2) for 
 different management objectives 1, 2 and 3 
  
 
Figure 16. Stand volume management scenarios on medium-quality site (S2) for 
 different management objectives 1, 2 and 3   
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For low-quality site (S3) (See Figures 17 and 18 on next page for visualizations): 
1) For management objective (1) low initial density and low intensity stand 
management: rotation of 4 years with initial planting density of 3 x 2 meters 
(1666 trees ha-1) without thinnings. This scenario produces accumulated 
volume of 158.3 m3 ha-1 and annual income of 16 646 000 rupiahs ha-1 year-1 
with and no reductions caused by thinning costs.  
 
2) For management objective (2) high initial stand density with medium 
intensity of intervention: 8-year-rotation, initial planting density of 3 x 2 
meters (1666 trees ha-1) and one thinning at the intensity of removing 60 % 
of the standing trees at the age of 4 years. This management scenario 
produces accumulated volume of 294.7 m3 ha-1 and annual income of 20 459 
000 rupiahs ha-1 year-1.  
 
3) For the management objective (3) high initial stand density, strong intensity 
of silvicultural interventions, repeated more than once: 12-year-rotation with 
initial planting intensity of 3 x 2 meters (1666 trees ha-1)  and  with  two  
thinnings  on  intensities  50  and  40  %  at  ages  of   4  and  9  years.  The  final  
harvest  at  8  years  would  be  of  196.5  m3 ha-1 and accumulated volume of 
384.0 m3 ha-1  resulting in annual income of 20 112 000 rupiahs ha-1 year-1. 
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Figure 17. Basal area management scenarios on low-quality site (S3) for 
 different management objectives 1, 2 and 3 
 
 
Figure 18. Stand volume management scenarios on low-quality site (S3) for 
 different management objectives 1, 2 and 3   
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5. DISCUSSION 
 
Altogether  19  days  was  used  to  measure  the  stands  with  approximately  5  
established  plots  a  day.  The  measurements  took  on  average  35  minutes  per  one  
plot with three people working. In general the sample plots were located in slopes, 
inclination of the slopes from plot centre varying from 0 to 67 per cents. The size of 
smallholder plantations averaged 0.44 hectare in area varying from 0.1 to 2 
hectares. The mean size for circular plot was 176 m2, varying from 20 m2 to 706 m2 
with  average  plot  radius  of  7  meters  ranging  from  2.5  to  15  meters.  The  initial  
planting density was measured on every stand and on regular spacing the distances 
between trees varied from 1 by 1 meters to 4 by 4 meters spacing. 
 
The site classification for Paraserianthes falcataria smallholder plantations was not 
an easy task as the rapid initial growth of the specie did not seem to set up easily 
with the models tested. The curves produced are anamorphic, assuming that that 
the growth rate is constant for all sites. It has been discussed that polymorphic 
curves would give more accurate and precise representations of growth patterns 
(Rivas et al. 2004) but for the purposes of this study the development of 
polymorphic curves was not possible due to lack of adequate information on other 
factors affecting tree growth, such as soil, terrain and climatic factors. One concern 
related to site quality estimation and collected data was that the age of plantations 
might be incorrectly reported by smallholder farmers. If the age would be 
incorrectly reported it would result in an error in the calculated site index. In 
addition,  the  exclusion  of  coppice  trees  was  a  determined  decision  –  for  more  
realistic models of tree growth and stand development on smallholder plantations 
of P. falcataria also these coppices should be studied. Nevertheless, as the purpose 
of  this  study  was  to  examine  the  potential  growth  of  P. falcataria in smallholder 
plantations it was reasonable to exclude coppices as they have been reported not to 
be as productive as individual planted trees (Soerieanegara and Lemmens 1993). 
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Despite the concerns the growth predictions seem to be somewhat in line with the 
few existing studies on growth of Paraserianthes falcataria.  The height growth on 
best  quality  sites  seemed  to  be  slightly  below  the  height  growth  recorded  by  
Kurinobu  et  al  (Kurinobu  2007b),  where  the  trees  at  the  age  of  five  years  on  the  
high-quality site had mean height of 28 meters, when in this study the height 
attained  at  the  same  age  of  five  years  was  on  high-quality  site  24.6  meters.  The  
yield table compiled by Suharlan (Suharlan et al. 1975) has similar results to that of 
Kurinobu (2007b), on the best productivity site the trees are 27.5 meters tall at the 
age of 5 years. Both of these studies have data from Perum Perhutani government 
managed plantations and the management of these plantations might have been 
more effective than that of smallholder plantations. In addition, it is known that if 
possible farmers usually reserve the best productivity land for agricultural use and 
use the remaining for other uses, such as plantation of trees (Nawir et al. 2007b). 
Knowing this, it is possible that even the best productivity sites measured for this 
study do not match the productivity of the forests in best sites managed by 
government.    
 
In terms of the plantation condition one factor reducing the overall condition of the 
studied plantations was the infection by gull rust disease Uromycladium 
tepperianum. In the Philippines establishment of P. falcataria plantations is not 
recommended 250 meters above sea level, due to the increased risk for devastating 
infection by Uromycladium tepperianum (Anino  1997).  In  this  study  the  most  
heavily infected stands were all located on elevations above this notorious 250 
meters asl. thus this rule from the Philippines could also be implemented in Ciamis 
District where devastating localized infections by Uromycladium tepperianum were 
causing death of whole stands and leaving the smallholders in despair with lost 
cultivation output. It has been reported, that pests and diseases of Paraserianthes 
falcataria should be managed by regularly removing infested trees and detecting 
early infestations by regular inspectations (Husaeni and Pamoengkas 2005) but also 
the planting site location should be taken into account as these results on infection 
by gull rust disease indicate. P. falcataria should be planted on lower altitudes 
where  the  infestation  by  the  pest  has  not  been  as  severe.  It  must  be  noted  that  
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there could be other reasons behind the more severe infestation on higher altitudes 
than the elevation itself. Thus it could be wise to further study the infestation 
ecology of Uromycladium tepperianum and find out if other factors could affect the 
expansion  of  the  pest  more  than  elevation,  such  as  origin  of  seedlings,  the  total  
area and density of plantations on a certain area, soil attributes, fertilization or 
other factors. 
 
The overall silvicultural status of the measured smallholder plantations was found 
to be mostly of medium quality. In this context, medium silvicultural condition 
plantations were considered to have acceptable overall condition without major 
visible defects or damages on trees, but some problems are probable to come up if 
the silvicultural interventions in terms of thinning are not carried out timely and at 
right intensity. The main reason found to reduce the condition of individual trees 
was  mechanical  injury  due  to  too  dense  canopies  where  branches  and  tops  as  a  
whole were suffering from mechanical friction against each other. It has been 
discussed that P. falcataria should not be planted on wind-prone areas as the 
branches  are  easily  broken  (Fenton  et  al.  1977,  NAS  1979,  Garcia  1989).  This  was  
seen also on the plantations studied for this study. Wind prone areas should be 
avoided as well as too dense spacings that favor the rapid height growth and leave 
trees without stronger trunks more resistant for wind damage and mechanical 
injury. 
 
When knowing that the stockings of smallholder plantations studied in Ciamis were 
very dense (on average 2300 trees ha-1) and as most of the smallholder farmers 
interviewed  for  data  collection  indicated  that  for  the  most  part  they  are  not  
practicing systematic thinnings on their plantations, it is presumable that the 
condition of plantations could further decrease from the level that was studied 
during the data collection. In most cases these smallholders seemed to harvest 
individual trees for their own need, randomly at any age, if even that. This finding is 
in  line  with  the  results  from  Siregar  and  others  (Siregar  et  al.  2007)  where  the  
smallholder plantations were studied in East Java. 
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Kurinobu and others indicate that national forest enterprise Perum Perhutani 
recommends planting density of 1667 trees per hectare for Paraserianthes 
falcataria in East Java and regular thinnings starting from 3 years of age until the 
rotation  age  of  8  years  (Kurinobu  et  al.  2007b).  When  compared  to  this  
recommendation, smallholder plantations studied in this study are over-dense by 
the  average  density  value  even  for  an  initial  planting  density.  In  addition,  in  the  
future, the observed high densities together with non-existing silvicultural 
interventions and the light-demanding nature of the species is presumably going to 
cause even further lessening of the condition of these plantations from medium to 
bad. 
 
The management scenarios simulated in this study would in general speak in favor 
of  planting density  of  3 x  2 meters  (1666 trees ha-1) when at least one thinning is 
conducted during the rotation. This planting density that has been used by Perum 
Perhutani in East Java with a rotation of 8 years, as reported by Kurinobu and others 
(2007b). Also only maximum of three thinnings are expected to take place in the 
simulated management scenarios recommended in this study. Thus, the results are 
contradicting with recommendations of the study by Prajadinata and Masano, 
where thinnings start 2 years after planting and after that take place every year up 
to 10 years (Prajadinata and Masano 1998).  
 
The rotation of 8 years has been used on the state managed (Perum Perhutani) P. 
falcataria plantations (Husaeni and Pamoengkas 2005, Kurinobu et al. 2007b). In 
this study the rotation of 8 years was recommended on high-quality site with initial 
planting density of 3 x 2 meters (1666 trees ha-1) when three thinnings are 
conducted, on medium-quality site with initial planting density of 3 x 3 meters 
(1111 trees ha-1) when two thinnings are conducted and on low-quality site with 
initial planting sensity of 3 x 2 meters (1666 trees ha-1) with one thinning. On the 
other hand, based on the simulated management scenarios it seems reasonable to 
implement shorter rotation of 6 years to medium- and low-quality sites. 6-year-
rotation  was  found  profitable  on  medium-quality  site  both  for  the  management  
objective without thinning and for the management objective with one thinning. On 
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low-quality  site  the  6-year-rotation  would  seem  profitable  in  the  case  of  low  
silvicultural intervention, when no thinnings would take place under initial planting 
density of 3 x 3 meters (1111 trees ha-1). Short rotation of 6 years has also been 
previously used in industrial plantations P. falcataria at  least  in  East  Java  as  
mentioned in a study by Nemoto (2002). 
 
Only one of the recommended scenarios had longer rotation of 12 years and this on 
the low-productivity site for the management objective of (3) high initial stand 
density, strong intensity of silvicultural interventions, repeated more than once.  
With  initial  planting  density  of  3  x  2  meters  (1666  trees  ha-1) and two conducted 
thinning at ages 4 and 9 would result in the best annual income under this 
management objective. It is understandable that on lower quality sites it takes 
longer to attain the same dimensions than on the better productivity sites. Thus, for 
more intensive management longer rotation is advisable on low-quality sites.  
 
The simulated management scenarios seem to contradict with local management 
examples. Local management example by local industry representative Makmur 
Mju  Pallet  Industry  (MMP)  is  the  4  year  rotation  with  planting  density  of  3  by  2  
meters (1666 trees ha-1) without thinning. This scenario resulted in the death of 
some of the plantation trees even on medium-quality sites. This sort of 
management scenario seemed to be taken in to action on some of the smallholder 
plantations studied and as a result the too dense spacings were causing suppression 
and death of the trees even at young ages. This local scenario would require a 
thinning at latest at the age of 3 years in order to avoid death of the trees. With the 
inclusion of one thinning the 4-year-rotation seems profitable on high-quality sites 
when management objective is to conduct only one thinning. Thinning would take 
place at the age of 2 years to avoid suppression and death of trees within a stand.  
 
Another recommended scenario based on 4-year-rotation is for the “no thinning”- 
management objective on high-quality site. In this scenario the plantation would be 
established on stocking of 4 x 4 meters (625 trees ha-1) and clear cut at the age of 4 
without any thinnings during the rotation. Other simulations found suitable for low 
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silvicultural management objective were the planting density of 4 x 4 meters on 6-
year-rotation on medium-quality site and 3 x 3 meters initial planting density with 6 
year  rotation  on  low-quality  site.  On  the  better  quality  sites  the  exclusion  of  
thinnings is made possible by the sparse initial planting densities of 4 x 4 meters. 
With sparse initial planting densities the trees have more growing space available 
for longer, allowing the growth vigour of the trees last until the end of the rotation. 
Additionally, this kind of scenarios would not cause reductions in income caused by 
thinnings.  
 
One option for this sort of sparse initial planting is that the stand could be used as 
an agroforestry system during the rotation before final cut. Annual crops or other 
species could be intercropped between the P. falcataria trees like it has been 
practiced  already  traditionally  like  discussed,  for  example,  in  Daniel  et  al.  (1998),  
Iskandar  and  Ellen  (2000)  and  Venn  et  al.  (2001).  This  sort  of  management  –  
combination of annual crops and fast-growing plantation tree species - has been 
promoted also more recently for smallholder plantations as in creating continuous 
subsitence income from the cultivated farm also during the rotation (Nawir et al. 
2007a, Nawir et al. 2007b ). The simulated scenarios with even wider spacings of 6 x 
6 meters (227 trees ha-1) like the one for high-quality site on 8-year-rotation seem 
also profitable, thus there would be posiibilities for various kind of agroforetsry 
systems to put into practice. In the data collection for study, one farmer 
interviewed had been active in forming a farmers union for increasing the use of P. 
falcataria on cocoa plantations as a shade tree. On his own experience, the tree had 
good properties for the use as a shade tree mixed with cacao and also increased the 
income gained from the cultivated land when the trees could be felled. The 
possibilities of combining the use of P. falcataria both as an agroforestry system 
component and as an industry oriented end-product should be further explored as 
there is both demand for the wood on markets and need for food and other 
products for the farmer subsistence. 
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6. CONCLUSIONS 
 
Most of the smallholder plantations (59 %) studied were of medium silvicultural 
condition, meaning that the current overall condition of the plantations was 
considered acceptable without major visible damages on trees, but some problems 
are probable to come up in the future in terms of loss in stand productivity if 
silvicultural management interventions are not carried on time. Most of the factors 
reducing the condition of the plantations were linked to the high stocking densities 
of the studied plantations: mechanical injury, infectations by insects and 
suppression are all somehow linked with high stand densities. Thus it would be 
advisable to further assist the smallholder in conducting timely silvicultural 
interventions with right intensities. Additionally, most heavily infected stands by 
Uromycladium tepperianum were all located on elevations above 250 meters asl. 
therefore the planting of Paraserianthes falcataria on higher elevations above 250 
meters asl. in Indonesia is not recommended.  
 
Based on the simulated management scenarios in this study the rotations for high-
quality  sites  (S1)  are  shorter  than  on  medium  (S2)-  and  low-quality  (S3)  sites.  
Rotation  ages  vary  from  4  to  8  years  for  high-quality  sites,  from  6  to  8  years  on  
medium-quality sites and from 6 to 12 yearson low-quality sites. Additionally the 
planting densities on high-quality sites vary from 4 x 4 meters (625 trees ha-1) to 3 x 
2 meters (1666 trees ha-1), on medium-quality sites from 4 x 4 meters (625 trees ha-
1) to 3 x 3 (1111 trees ha-1) and on low-quality sites all the recommended scenarios 
are based on initial density of 3 x 2 meters (1666 trees ha-1).  
 
The recommended managmenet scenarios based on the simulations for three 
different management objectives on three different site qualities are concluded on 
the following page . 
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For management objective (1) low initial density and low intensity stand 
management: 
? On S1: rotation of 4 years with initial planting density of 4 x 4 meters (625 trees 
ha-1), no thinning 
? On S2: rotation of 6 years, initial planting density of 4 x 4 meters (625 trees ha-1), 
no thinning 
? On S3: rotation of 6 years, initial planting density of 3 x 3 meters (1111 trees ha-
1), no thinning  
 
For management objective (2) high initial stand density with medium intensity of 
intervention: 
? On S1: rotation of 4 years, initial planting density of 3 x 2 meters (1666 trees ha-
1) and one thinning at intensity of removing 55 % of the standing trees at the 
age of 2 years  
? On S2: rotation of 6 years, initial planting density of 3 x 3 meters (1111 trees ha-
1), one thinning at intensity of removing 45 % of the trees at the age of 4 years 
? On S3: rotation of 8 years, initial planting density of  3 x 2 meters (1666 trees ha-
1), one thinnig at intensity of removing 60 % of the trees at the age of 4 years 
 
For the management objective (3) high initial stand density, strong intensity of 
silvicultural interventions, repeated more than once  
? On S1: rotation of 8 years, initial planting density of 3 x 2 meters (1666 trees ha-
1), 3 thinnings at intensities of removing 60 %, 40 % and 40 % of the standing 
trees at ages 2, 4 and 6 years 
? On S2: rotation of 8 years, initial planting density of 3 x 3 meters (1111 trees ha-
1),  two  thinnings  at  intensities  of  removing  50  %  and  40  %  of  the  trees  at  the  
ages of 4 and 6 years 
? On S3: rotation of 12 years, initial planting density of 3 x 2 meters (1666 trees 
ha-1), two thinnings at intensities of removing 60 % and 45 % of the trees at the 
ages of 4 and 9 years.  
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